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KEE UCING THE COST OF SYPHILIS IN INDUSTRY 
(REPORT OF 176 CASES)* 
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WitttAM ALFRED SawyeErR, M.1). 
AND 
BENJAMIN J. SLATER, M.D. 


Rastman Kodak Company, Rochester, N.Y 


MIR William Osler has said that 
if physicians know syphilis 
in all its manifestations, all 
things clinical will be added to them. 


This inspiring invitation from such a 


” 


great master should act as a challenge 
to all physicians working in industry. 
Industry offers a rich field for the 
study of syphilis, for it is here that an 
opportunity is given to study the 
individual from day to day and from 
year to year in relation to his daily 
work. Viewed from the public health 
pot of view there need be no argu- 


mant 


ments advanced in favor of this type 
{ - A died ; ris 

endeavor. Tne reasons are al- 
together too obvious. In the 176 


“ases, & resumé of which is herewith 
presented syphilis is represented in 


“ great many of its manifestations 


*T) 


necelyed for publication April 8, 1926. 





from the primary to the tertiary 
lesion. 

During the last three years we have 
taken bloods for Wassermann reac- 
tions, as follows: 


Db oa ede hoe RS ERMA EASE RO 932 
0 ere ee ere ee 1,237 
eer re rr 1,278 

>, 447 


setween 3.5 and 4 per cent. of bloods 
taken were positive. Usually bloods 
which were at first reported as faintly 
suspicious to cholesterin later became 
positive. 

In the course of taking the blood 
for this number of Wassermanns, 
a technic was evolved which seemed 
to have certain merits. The nurse 
was placed in front of the extended 
arm so that the patient did not see 
the withdrawn blood. If the patient 
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has any objection to the removal of 
blood it is not done. As a matter of 
fact such objections are almost never 
encountered. The Wassermann = re- 
action is obtained in every accident 
no matter how trivial, and as many as 
seem practicable are taken in disease 
conditions. While the number taken 
in one day is frequently not large, 
when carried on year after year the 
total number comes to represent a 
survey of almost 60 per cent. of the 
older employees. 

Kven though the total number of 
blood specimens taken is _ relatively 
large, we have had no mishaps and 
there have been practically no com- 
plaints directed at this type of service. 

Dr. W. C. Menninger! has shown 
that in 72 per cent. of his syphilities 
there was difficulty in wound healing 
following operation. Practically all 
standard books of surgery recognize 
that syphilis is an additional hazard 
in operations. 

The following cases illustrate the 
practicability of discovering syphilis 
and the application of the procedure 
to industry. While it will be noted 
that many employees claim that their 
disease came because of some condi- 
tion connected with the work, there 
is not an instance where an employee 
claimed that he contracted the dis- 
from another employee. In 
other words, in the 176 cases there is 
no claim on the part of any employee 
that he was infected by another. 

A female employee struck the back 
of her hand against a machine; the 
injury did not yield to ordinary 
treatment, the pain continued for 


*aSC 


‘Menninger, W. C.: Wound Healing in 
Syphilis. Am. Jour. Syphilis, 1925, 9, 445. 
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over one month, and the patient y " 
dissatisfied. Another employee yag 
struck with the handle of 4 truck , 
the left groin, which broke down, 
discharging pus, and there was genera) 
enlargement of other nodes beside 
those struck; the case dragged alon, 
for some time without a cure, An. 
other employee fell, striking jj. 
knee; six months later he developed 
soreness, tenderness, and some syyell. 
ing in the knee, conditions which }y 
traced to the preceding fall, claiming 
compensation. A woman claimed 
that a furuncle in the groin was the 
result of a fall. Three employee: 
complained of back injuries wit) 
prolonged residual pain. Nine em- 
ployees had infections of the fingers, 
five of which were almost impossih|; 
to heal. Four workers claimed that 
their skin was being poisoned by con- 
ditions of their work; each had » 
macular eruption on the forehead and 
felt that it came from 
There were four others who had leg 
uleers, claiming injury by striking 
against objects. One employee be- 
lieved that chemicals were causing him 
to lose his vision in one eye; in two 
months his vision had dropped from 
20/20 to 20/200 in one eye. 

In every one of these twenty-live 
cases, the Wassermann was 4 plus, 
and antisyphilitic treatment cleared 
up the condition. The compensation 
aspect of the case was forgotten when 
a cure was effected. What the sav- 
ing was financially is difficult to say 
but we know that it must have bee 
great when we consider that the 
award for one eye is $4,000. Cer 
tainly the protection which has bee? 
effected in every case more than con 
pensates for the cost of this service 


chemicals, 
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With this in mind, it would seem that 
‘he best way to avoid complications 
‘niuries is to anticipate them. 
Te those industries which pay sick 
sanefits as well as accident compen- 
ation, this work becomes of added 
terest. Ordinarily there is more 
yoney paid out in sick benefits than 
in aecident compensation. It is here 
‘hat our diagnosis is of assistance to 
the patient in securing proper treat- 
ment, and the Company is saved a 
creat deal in sick benefit. 

lor example, one employee asked 
‘or a three months’ sick leave, plan- 
nine to change climate. This ordi- 
narily would have been given with 
vay. The Wassermann reaction was 
‘ound to be 4 plus. After receiving 
treatment at a public clinic the im- 
provement was so marked that a 


] 


sick leave was no longer thought 


ot 


necessary. 

Qne employee lost 517 hours dur- 
ing the first six months of 1924. 
\iter treatment, in the last six months 
of the year he lost 192 hours; and in 
(925 he lost 50 hours. Another 
employee lost 208 hours in 1922 and 
203 hours in 1928; after treatment, in 
1024 he lost 12 hours; and in 1925 he 
‘ost 30 hours. Without treatment 
the tendeney, of course, would be to 
lose nore and more time every year. 
The saving in sick benefits is obvious. 

\iany other illustrations could be 
ziven of employees who were ab- 
sent. because of this disease. The 
ist is so long that only classical ex- 
amples may be cited. The value 
‘rom the patients’ point of view can- 
not, of course, be estimated in terms 

dollars and cents. Such benefits 
‘HUST necessarily greatly exceed any 
‘nancial considerations which may 


enter into a discussion of this series 
of cases. 

The 176 cases reported here were 
discovered as follows: forty-nine em- 
ployees who had lost time because of 
sickness had a Wassermann reaction 
taken on their return to work. This 
had not been done by the family 
physician. In every case it was posi- 
tive. This fact shows the value of 
the examination after a period of 
sickness; it also shows how much 
may be overlooked by failure to 
take the Wassermann. ‘Twenty- 
eight cases were discovered on pre- 
liminary physical examination. Of 
these, six never reported for work. 
Here is an illustration of the value 
of physical examinations. ‘Thirty 
cases were discovered after accidents 
and sixty-nine as a result of other 
conditions. 

Clinically, we had one- primary 
lesion of the lip proved by the Wasser- 
mann and dark field examination. 
We had three cases of secondary 
lesion, and the remainder were of 
the latent or tertiary state. One 
patient had gross swelling of the 
lymphatic cervical chain resembling 
asarcoma. It promptly melted away 
under antisyphilitic treatment. ‘Two 
patients had tertiary gummas_ of 
the nose. One of these had a curious 
complex—he persisted in sounding 
the fire alarm, as the resulting con- 
fusion stimulated his unbalanced 
imagination. He was also very for- 
getful. He returned to normal follow- 
ing treatment and has continued to 
work since. 

From an industrial point of view 
there is no symptom which is more 
dificult to handle than syphilitic 
asthenia. In many of these enses it 
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was very difficult to get the employees 
to take treatment. Their whole at- 
titude was characterized by a great 
indifference to everything. Promises 
made were frequently not kept. One 
who had five children would 
sit by the fire entirely indifferent to 
the state of his family needs. There 
is no doubt that the Spirochaeta 
pallida takes away the energy of 
many workmen, and from being useful 
citizens they come to lead a vegeta- 
tive type of existence which is incom- 
patible with industrial efficiency. ‘The 
whole picture of a syphilitic asthenia 
is that of an individual who is en- 
tirely insensitive to his own, to his 
family’s, and to industrial needs. 
The sexes were divided as follows: 


Tali 


'married........... iene tar Q7 

Males a 

I ie 4a x bah actrees waew A 48 

' ee 20 
Females < 

ERY 64064 Kd owhen ene eas ot 11 

176 


Of the married males, only five 
could be persuaded to bring their 
Wassermann test. Of 
these five, two were negative and three 
Curiously enough, the 
wives did not take enough interest 
to want to know whether they had the 
disease, for it is certain that most of 
them: knew that their husbands were 
under treatment. Of the eleven un- 
married married 
three days after the fourth dose of 
salvarsan. Treatment followed the 
nuptials, and she later gave birth to 
a healthy ehild. 

(tne patient committed — suicide. 
Four became insane. One died of 
uremia following a drunken debauch. 

As to previous treatment, 37 cases 


wives for 2 


were positive. 


women, one was 
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had had treatment; 139 had never 
had treatment. Two had been treated 
in the English Army, 1 in Constap. 
tinople, 1 in Buenos Aires, 2 in Fdip. 
burgh, 1 in Naples, and 1 in Hambupre. 
1 was treated early in a public dis. 
pensary. Only 9 were actually nd 
ceiving treatment at the time woe 
made the discovery. It is believed 
that 5 cases were hereditary. Ppoyy 
the public health point of view, this 
shows how inadequate the follow-yy 
is in the ordinary case of syphilis. | 

Every one of our employees who is 
known to have ‘syphilis is now re- 
ceiving treatment. We do not give 
such treatment at our dispensaries. 
but refer the individual to his own 
physician, to a specialist, or to a clinic. 
There is a syphilis register, and each 
ease 1s followed from year to year, 
Without this register, and without 
this follow-up treatment, who can 
say what these cases would have cost 
industry in complications if treatment 
had not been instituted? 

It is not our policy to discharge a 
man who has syphilis. If such were 
the case, it would soon become !n- 
possible to get the Wassermann reac- 
tion of anybody. ‘There is the great- 
est effort at co-operation, and every 
encouragement and assistance is given 
the employee to get treatment a: 
quickly as possible and at rates col 
patible with his financial condition. 
The public clinics in the city have 
proved a great help in this work. 

That the patient frequently does 
not realize the value of this type 0! 
service is shown by the fact thal 
eighteen employees quit within three 
months rather than submit to te 
follow-up; six others never reported 
for work at all. In other words, ou! 
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i765 cases, twenty-four, or 13 per 
sept., preferred no treatment at all 
snd left rather than be reminded 
: + treatment was necessary. The 
»yrnover in syphilis is tremendous 
+ the best of circumstances. One 
eonders what the future will be in 
oradieating this disease when such a 
arge percentage will not take treat- 
ment at a price which hardly covers 
‘he cost of the medicme. Of those 
jscovered, not over 15 per cent. had 
previously received anything like ade- 
uate treatment or follow-up. 

if, however, all physicians in in- 
lustry will tackle this problem ear- 
nestly, there is little doubt that great 
progress Will be made. ‘The Wasser- 
mann reaction will be popularized in 
the family as well as with the patient. 
Viore cases of syphilis will be taken 
ve of; and may there not gradually 
evelop a changed attitude on the 
part of emplovees in reporting the 
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usease? Constant hammering. will 
results. Industrial medicine of- 
rs an unusual opportunity to dis- 
ver the disease, and, above all, the 
low-up becomes relatively easy 
When tue patient remains in the com- 
pany s employment. 
i those communities in which 
‘here are no publie clinics and no 


] 


‘equate facilities to adjust charges 


to the financial condition of the 
patient, it is the authors’ feeling that 
a clinic could be established in the 
company at no great expense. ‘The 
results, it is believed, would pay for 
any cost which would be attached to 
this type of service, 


SUMMARY 


l. It 1s possible with a proper 
technic to get many Wassermann 
reactions in industry with compara- 
tive ease. 

2. Karly treatment of svphilis is 
the best preventive of complications 
following accidents, and periods of 
disability are thus cut down. There 
is a reduction m sick benefit payments 
for the same cause. 

3. A perfect follow-up system is 
possible as long as the employee 
continues his employment. 

4. The work has three aspects: 
[It is a protection to the individual, 
to public health, and to industry. 

5. Blood was taken from 3,447 
individuals. Between 3.5 and 4 per 
cent. gave positive reactions. 

§. Syphilis is costly to industry 
and to the state; the taking of more 
bloods will help greatly in reducing 
the incidence of syphilis in the com- 
munity. 
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I. INTRODUCTION 


HEERE exists in the literatur 
no thorough clinical an‘ 
laboratory study of a grou) 

of workmen exposed over considerab! 
periods of time to uncontaminate: 
zine compounds. Subjects for suc 
a study are limited, since zinc ores ! 
most parts of the world are heavil 


contaminated with lead and ustals 
contain also, in varying amount 
arsenic and ‘admium. Weste™ 


American ores contain | rac, cadmiu 
and occasionally arsenic. forel# 
ores contain these three toxic *"" 
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sanees and sometimes antimony as 

J]. the amounts varying in the 
‘rorent ore fields. These contami- 
watt substanees are readily carried 
sab with zine in the process. of 

olting, and constitute, therefore, a 

»ymon menace to zine workers. ‘The 
jstence of these toxic substances in 
ye ores has been the occasion of 
sreat confusion in the literature in 
ecard to the physiologic action of 
ne. and has made very difficult the 
problem of determining how far illness 
among zine workers is actually due to 
Ine. 

An exceptional opportunity — for 
studying the effect of uncontaminated 
ine compounds on the health of 
vorkmen exists, however, among men 
employed in the manufacture of zinc 
voduets made from New Jersey ores, 
since the zine ores from this region 
are very unusual in having in them an 
amount of lead so low as to be prac- 
‘ly negligible. Table 1 contains 
typical analyses of zine ores from 
various parts of the United States. 
The high lead content of most of the 

siern ores as contrasted with the 
extremely low lead content of the 
rranklin, N. J., ore is striking. Some 

the western ores are relatively 
ow in lead but the sizes of the ore 
" @ —telds in which this low lead ore exists 

‘small in comparison with the large 
held Western ores 

e also high in cadmium as compared 

i Franklin ore. 

' § Zine ore handled in the New Jersey 
. 4inc Company plants at Palmerton, 


—_ ae 
“4, Where this study was made, is, in 


\¢ 


rie9) 


in New Jersey. 


main, New Jersey ore and is 
tically free from lead and low in 


] 
{ry 


“nium. In the manufacture of 
“ain brands of zine oxide used in 





the paint trade and in the manu- 
facture of lithopone, however, leaded 
western ores are smelted in Palmerton 
and leaded oxide is collected in the 
collecting cylinders in certain of the 
bag rooms and is subsequently packed. 
All leaded operations-. smelting, oxide 
collecting and packing——are, however, 
carefully segregated at one end of 
plant A. As soon as a man is assigned 
to a leaded operation, his name is 
automatically sent to the Company 
physician and, as long as he continues 
at this work, he is subjected to a 
monthly physical examination in order 
to anticipate and to prevent the 
development of trouble from lead. 
Thus, a check is maintained upon the 
lead factor as a cause of illness among 
our men. Leaded zine oxide con- 
stitutes approximately Ii per cent. 
only of the total output of zine oxide 
from the Palmerton plant. In the 
main, our men are exposed to rela- 
tively uncontaminated zine and the 
situation in Palmerton represents. 
therefore, an excellent opportunity for 
studying the effect on workmen of 
zine itself, uncomplicated, for the 
most part, by possible effects of other 
substances known to be toxic. 

This exceptional opportunity for 
studying zinc as an industrial health 
hazard has recently been made even 
more exceptional as a result of the 
development by Lutz (1) and Fairhall 
(2) of very delicate and accurate 
methods for determining zine in bio- 
logic materials, and as a result of the 
establishment of the fact by these 
authors! and others (Rost and Weitzel 
(3)) that zine is normally excreted 
in both urine and feces. 


1 Unpublished data. Personal commun!- 
cation. 
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TABLE 1.—THE HEAVY METAL CONTENT OF ZINC ORES FROM VARIops 
PARTS OF THE UNITED STATES 7 











ae | | ~ » | _ 
Ore Field | Zn | Pb Fe Mn Cd Cu S | As 
j As 
| o | o or o7 or o7 » ~~ i 
| 40 | /0 /O sO /O 40 % } . 0 
, . | | | 
1. Unroasted sulphide ores:! | 











({20.80) 6.80) 17.47; 0.41) 0.19 | 0.11 | 26.46) 0.04 


i} | es 5 | : . 
Leadville district, Colo. ...... 13.70) 7.20) 25.69} 0.28) 0.13 | 0.11 | 34.59) 0.0] 








16. 10} 12.90} 23.22} 0.26) 0.13 | 0.06 | 32.65) 0.01 
ie at ‘{17.20| 7.10} 18.09) 0.48} 0.06 | 0.49 | 18.16... 2 
OEE eee NORA E EES, LCR EONS een 6.70| 18.34} 0.21) 0.09 | 0.71 | 17.99) 
(93.20! 0.90) 20.88! 9.74) 0.11 | 0.41 | 27.17) 
Silver City, N. M............6+. ic al sc aak Sk ae oe eat. 
pee ene (26.30) 0.11} 19.30) 0.67} 0.10 | 0.86 | 27.15, under 
| | | 0.01 
Austinvitee, V Give. .ciciccasess 42.70 16.00 ae 0.11 | 27.64) under 
| | | 0.01 
Tristate district, Okla. ....... 60.30) 1.20) 0.69) . | 29.57) 





2. Roasted sulphide ores:! | | | 





71!) 0.08 


/ 
j 
| 
| 
| 
} 
} 
} 
| 





(22.40) 12.40 23.00 0.1210.18 | 0.17} 4 
Leadville district, Colo... .....|) 34.70) 4.20 20.92; 0.51) 0.13 | 0.13 | 5.60) 

(23.70) 6.60) 29.34 0.17) 0.18 0.11 | 7.19} 0.09 
Breckenridge, Colo............ 51.10! 1.90) 11.41) 0.38} 0.27 | 0.11 | 5.50 


Mi ‘ , ’ ° Co 
Miscellaneous western ores | 
milled at Cafion City, | 


| | | 
| | | 
| | 






































Colon. .o.cce cece eee eseeeeee] 47.30] 2.80) 9.76] 0.26) 0.33 | 0.71 | 4.70) .... 
Wisconsin district............. 67.70 0.30! 2.91] 0.10) 0.14] .... | 4.08) under 
| | | | | | 0.01 
Hanover, N. M............000-| 43.90) 0.65) ¢.40) 0.67) 0.16 | Q.id 9.97 (00 
Joplin district, Mo. .......... aia rn 1.48) 0.05 0.49 | 0.08 | 1.93) 
{ | 
3. Oxidized western ores:! | | | 
Chaffee County, Colo..........| 28.40) 7.80) 9.40; 1.30) 0.08 | 0.18 | 1.10 
— . /{ 22.20; 19.20} 1.10} trace} .... | .... | 0.60 
SO SPERMS NOOR se ge ech 9:08 37.20] 5.00 3.00 0.06) 0.20 | 0.07 | 0.39 
4. l’ranklin ores, I'ranklin, N. J.: | | | | | | 
Prankiinite “A... .ccccccseces 17.40) under. 33. 60) 12.90) under) .... | 0.83) 0.02 
0.05 | | 0.01 | 
Frankiinite “Bo... ccs ceceneces 16.40) under} 38.50) 12.10) under) .... 0.26 0.03 
0.05 | 0.01 
Franklinite No. 1.........ses0 16.60) under 36.80) 6. 40) under) .... | 0.25) 0.02 
0.05 | 60.01 | 
Franklinite No. 2..............{ 18.60) under! 29.60! 7.45) under! .... 
| 0.05 | 0.01 | | 


| | | 9 
Franklinite ‘Half and Half” ..| 16.31) 0.06 | 15.33) 14.30) 0.02 | .... | 0.14) 0.00 








' In the unroasted sulphide ores, the metals are present essentially as sulphides. | In the 
roasted sulphide ores, the metals are in combination essentially as sulphides, oxides, ° 
sulphates. In the oxidized ores, there are essentially carbonates, oxides, or silicates, 
with or without small amounts of sulphides. 

* Blank indicates that no analysis was made. 
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HEALTH OF ZINC WORKMEN 


The investigation reported in this 
paper Was undertaken, therefore, with 
os idea of subjecting twenty-four 
orkmen who had been exposed to 

- for considerable periods of time 
‘comprehensive clinical and labora- 
‘ndy, in order to determine the 
younts of zine which they were 
»ialing, absorbing, and excreting, 
and whether or net this metal was 
causing damage which could be de- 
ed clinically or by laboratory tests. 

With the exception of a brief para- 
craph on its incidence among our 
series of workmen, we shall not inelude 
in this study any discussion of metal 
fume fever (brassfounders’ ague, zinc 
melters’ chills, ‘‘spelter shakes,” ete.). 
(he weight of opinion at the present 
time (Lehmann (4), Drinker (5)) in- 
clines to the view that this acute 
febrile reaction, following the inhala- 
tion of freshly generated and, there- 
fore, very dry and finely dispersed zine 
rticles with little tendency to 
settle out until they reach the alveoli, 
is dependent on the 


oxide pa 


absorption of 
proteins from alveolar epithelial cells 
damaged or destroyed by the oxide 
particles, and not on the absorption of 
inc itself. The facet that similar 
phenomena may oecur, in the opinion 
of various observers, as a result of the 
inhalation of other metals (copper (6), 
nickel, iron, cobalt, cadmium (7)), 
is Suggestive evidence that zine is an 
ne ident in and not the ultimate cause 
ol the event. This conclusion is sup- 
ported by the faet that the particular 
*ymptom-complex of metal fume ague 
tever occurs from the absorption of 
Ine by any other route or in any 
other form. 

here are other features in the 
"posite pieture of zine ague which 


Vol. § 


oy) 
to 
Ct 


tend to bear out Lehmann’s pro- 
tein absorption explanation. Among 
these, are the apparent tendency on 
the part of exposed persons to develop 
an immunity to the reaction, and the 
fact that the symptoms are such as 
have never been observed in metallic 
poisoning but resemble those of a 
bacterial infection. And yet the dis- 
turbance cannot be a true bacterial 
infection since it lasts only a few 
hours, is never dangerous, and never 
leads, as a true infection occasionally 
would, to pneumonia, pleurisy, ete. 
That the symptoms of metal fume 
fever “fare invariably associated with 


9) 


zine (or brass) only is,’’ as Hayhurst 
(7, p. 331) says, “simply a trade- 
process circumstance, due to the low 
boiling point, excessive volatility, 
cheapness and therefore waste of zine 


to the air.’ 


Il. Review oF THE LITERATURE 


Reports on the health of zine 
workers and on the hazards of zine 
began to appear in the literature about 
[850. Landouzy and Maumené (8) 
in that year described an affection 
which they called 7itorication zincali 
occurring among 
breathed, and undoubtedly swal- 
lowed, zine oxide and zine carbonate 
dust while cutting, 
packing galvanized-iron wire coated 


workers who 


twisting, and 


with these compounds. This was 
long ago and the work and working 
conditions were very primitive. After 
being cut, the wires were put into 
packages, beaten with a piece of 
wood to straighten them, and then 
fastened into bundles. The laborers 
had been engaged in this work for 
from eight to fifteen years with no 
appreciable trouble, when suddenly 
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the ordinary wire was replaced by 
galvanized wire which—the process of 
valvanizing being new——was covered 
with a thick layer of zine oxide and 
azine carbonate dust, which escaped 
freely during the handling of the wire 
and especially during the beating of 
(The authors noted at 
this point that there was no trace of 
lead in the dust. Whether they were 
able to detect it or not is a debatable 
matter, especially as we now know 
that practically all of the early zine 
oxide contained lead. Pure zine was 
not a commercial product in 1850.) 

Very soon (three in six to eight 
days; one in fifteen days; two in three 
to four weeks) after the introduction 
of the galvanized wire, the workers 
were seized with troubles which the 
authors felt it was “impossible not to 
relate to the action of the zine dust.” 
lour out of six workers felt a general 
depression, shivering, headache, 
nnorexia, marked thirst, severe pain 
in the throat with dysphagia, pain in 
the jaw and laryngeal region, a con- 
siderable swelling up of the tonsils 
with ulceration, redness of the palatine 
arch, whitish film on the gums, saliva- 
tion, fetid breath, and finally colic 
and diarrhea. One worker had only 
eolic and diarrhea; with another, the 
colic was aecompanied by nausea, 
tenesmus, and obstinate constipation. 
The symptoms disappeared when the 
workers stopped using zincked wire 
and did not reappear when they were 
viven but without 


the packages. 


galvanized wire 
any coating of dust. 
The early symptoms of subacute 
arsenical poisoning are nausea, vomit- 
and diarrhe: 


ne 
lng, 


(may be absent), 
great thirst, pain in the epigastrium, 
and painful deglutition accompanied 
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by spasmodic constriction of 4), 
pharyngeal muscles. In slow poisop. 
ing there may be salivation, sore 
at times even lacerated gums, and 
inflammation of the pharynx. Thi, 
description strikingly resembles ¢h, 
condition which Landouzy — any 
Maumené ascribe to zine oxide. 
Bouvier (9), in a paper entitled 
“Poisoning by Oxide of Zine (Zine 
Colic), reported, also in 1850, the 
case of a cooper, 42 years old, who had 
been employed four months at Asniéres 
with five other coopers putting 
bottoms on barrels filled with zine 
white. The men were then put at the 
task of repairing barrels which had 
already been used-—a task which kep* 
them constantly in a dusty atmos- 


and 


phere. At once they began to feel 
pain and distaste for their food. 
Wine and brandy which they drank 


to stimulate their appetites were 
distasteful to them and did not take 
away the pasty taste which was con- 
stantly in their mouths. 

Bouvier’s patient continued this 
work only two days. He vomited, 
had violent pain and constipation. 
These symptoms grew worse in the 
five days before he entered the 
hospital; he suffered so much that he 
rolled on the floor of his room. [le 
had no bowel movement for five days. 
His tongue was white, his appetite 
lacking, and his sleep poor, but he 
had no fever. Recovery occurred 
following treatment with 40 
eg. of gamboge per day and baths. 

A second patient, aged 22, came | 
Bouvier with intense headache, !0- 
jected face, giddiness, nausea, vomit- 
ing, diarrhea, severe epigastric pain, 
weakness of the legs, some itching of 
the skin, and reddish pimples. | 


to AV 


11e 
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ad been working at the zine factory 
, Asnidres for five months cleaning 
e upper opening of zinc retorts. The 
srkroom always contained some zine 
sor. The patient in the past had 

my » felt fatigue of his limbs, lack of 

npetite. and diarrhea, but a day or 

4 of rest had hitherto always cured 

| iy. All the workers were subject 
- one time or another to this group of 

stoms. Many of them suffered 


| Jeo fron. vomiting, diarrhea, head- 

che. and weakness of the limbs; 

ven carpenters making repairs be- 
me afiected. 


\mong other remedies administered 

o this patient, baths were given, and 
‘he bath water subsequently analyzed 
zinc, lead, copper, and arsenic. 
This bath water contained zine but 
no copper or lead; one test for arsenic 


c ndicated faint traces. The accept- 
e nee of the finding of zine in the 
e ath water of patients working in a 


. ne iaectory as evidence of zine 
osoning is so ingenuous that we 


s snnot resist mentioning it. 
, the acute symptoms, especially in 
. ie second case, described by Bouvier, 


very suggestive of acute arsenical 
visohing-- vomiting, diarrhea, head- 
e ‘he, giddiness, muscular weakness, 
usory disturbance (itching), and the 
., ; = tesenice of punples—while the weak- 
languor, loss of appetite, some 
and vomiting, and diarrhea 

be absent or constipation 
—eecur, occurring among all the 
“rs at one time or another, are 
‘yinptoms one finds in the 


eo! chronic poisoning from 


- ie 


f \ , 
yvOCT’y 


Yen In 1550, reports that eases such 
Oy > Lhese Were 


due to zine received some 
uevalher (10) entered 


lp ’ ery cry ( 





into a controversy with Bouvier in 
regard to his first patient, Chevallier 
maintaining that this man had had 
gastric trouble before he ever worked 
in a zine factory. Chevallier also 
urged the introduction of zine white in 
preference to lead white as a great 
hygienic improvement. Later medi- 
‘al writers, notably Vera (11) in 
1911, have also urged the use of zine 
oxide instead of lead carbonate in 
paints because of its advantages from 
the point of view of health. 

The vast bulk of published material 

dealing with zine as an industrial 
hazard is concerned with the question 
of metal fume fever but there exist 
also in the literature descriptions of a 
condition characterized by vomiting, 
intestinal colic, constipation, anemia, 
emaciation, and sometimes by muscu- 
lar paralyses with eventual atrophy: 
a chronic condition frequently aseribed 
to zinc. Sacher (12), for example, 
reviewing the subject of so-called 
chronic zine poisoning, described the 
condition as a chronic general intoxica- 
tion following the inhalation of zine 
oxide dust, and a disease to be sharply 
differentiated from the acute zine 
fever resulting from the inhalation of 
hot zine fume. 

As instances of chronic disease 
‘aused by zine, Sacher cited Bouvier’s 
(9) cases of “zine colic,’ and the 
intoxication zincale described — by 
Landouzy and Maumené (8). 
Sacher’s discussion of so-called chronic 
zinc poisoning continued with an 
account of a case reported by Popoff 
(13) of a man employed for twelve 
years in a bronze casting house in 
whom symptoms _ of 


poisoning 
appeared, especially in winter. These 
consisted in vomiting after the taking 
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of food, heartburn, acid eructation, 
at times severe diarrhea with colic and 
pains in the extremities, especially in 
the calves. Sometimes six to ten 
days of constipation occurred with 
dull pain in the region of the navel. 
Gradually a high degree of mental 
depression developed and with general 
exhaustion came paresis of the right 
ler and right hand. 
membranes 


The 
pale, 
brownish gray and inelastic, 


mucous 
the skin 
and the 
musculature partly atrophied, 
the side of the 
face and the extremities of the same 
Tactile 
, with an increased feeling 
“That these phenomena 
should be conclusively aseribed to the 
and that it was a 
chronic poisoning, 


were 


hoe iV 
especialiy on right 


side, sense was atfeeted on 
the same sice 
of itehine. 

influence of zine, 
question of ZINC 
was proved by the deteetion of zine 


in the urme.’ This conelusion§ of 
Sacher’s is one which oecurs frequently 
{| arly 


in ele 
zinc was present in the urine—and we 


need scarcely remind you that we 
now know that zine is normally 


always present in urine- the symp- 
toms observed must be due to zine. 
The possibility occurred to only a few 
that even if zine were present in the 
urine some other agent may have been 
the trouble maker. 
tators, notably 
Kobert (15), 


Later commen- 
Tracinski (14) and 
attributed Popoff’s dis- 
ease and a similar condition reported 
in 1879 by Schlockow (16) to lead 
polsoning. 

Sacher’s account of chronie illness 
attributed to zine referred to Hirt who 
observed several zine oxide workers 
who had become cachectic and suffered 
from of veight, and 
especially from a severe stomach 


weakness, loss 


literature on zine (If 
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intestinal catarrh. 


“Husemann, 
however, said Sacher, believed tha 


the union of zine with lead / 

per cent.) and arsenic (0.19 per eo, 
was guilty of the injurious effo4 ,; 
zine oxide and zine fumes.”’ 


Murray (17) has described a ¢}yy, 
condition among brass workers 
illness consisting of anemia. dy spe 
sla, nausea, vomiting, palpitation 
thirst, diarrhea, loss. of Welght 
green sweat, cough, green line on thy 
gums, and eczema. Murray himselj 
vas inclined to attribute this cond 


colic, 


cl 


opinion th; it ZINC could hot 1) r et 
In this connection, Liamilton ( 


tion to copper, although he was of 


reminded us that brass workers ) 
have to breathe the fumes of acid fi 
the pickling tubs, 
ellaes 
they are exposed to — heat fron 
the crucibles; and that they may ge 
dermatitis from the. 

acute arsenical poisoning 


generated if metal contaminated 


anc of Vo vijle . 


] 


vents from sh and leeanigin: thai 


antimony 
from the gas 
J 

tne 


397 


put in pickling tank 
Kobert (15, pp. PAR) eoneclude 
his discussion of so-called chronic zit 


arsenic Is 


poisoning in his “Textbook of Intoxiea- 
tions’ as “Neeording tl 
Wutzdorti’s [ 19)] compre: hensive col 
lection there is in the zine foundrie 
indeed lead, hydroge! 
sulphide, sulphurous acid and carhe 


fc )| rr Wis: 


‘ ‘ : 
POISOnIDg Dy 


x 


monoxide; but one certainly depending 
on zine could not be ascertained. 1/0 
little poisonous zine must be appes! 
to me from the fact that those sen 
me with tuberculosis to Gorbers: 
from the Silesian zine foundries, “" 


’ ° Toran 
three months’ stay in the »! 


sanatorium still exereted zine © 
showed no chronic zinc pols!’ 


except anemia.” 








in, 
that 


) 
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Following protracted zinc feeding 
ayperiments on animals, Lehmann 
9) wrote: “Of a chronic zinc poison- 
ing in My research I have seen nothing 
‘yrther than gastric variations, which 
one may perhaps regard, but scarcely 
ith cogeney, the results of a chronic 
eastric catarrh, and certainly no 
seneral symptoms. I could see no 
injury to the kidneys. Also I could 
not observe, in spite of large doses, 
ehronic zine poisoning in the sense of 
a general injury to the body.” 

Von Jakseh (21, pp. 167-168) in 
his book on poisons published in 
(010 stated that: “The question 
whether a chronie zine poisoning 
really exists which 1s accompanied by 
anemia, dyspepsia, and a series of 
nervous disturbances, such as ataxia, 
anesthesia, and paresis, is not fully 
solved. Very well-known authors 
deny absolutely the existence of a 
symptom-complex of this sort.” 

“eiffert (22) in 1918 published a 
long article dealing with ‘“‘The Share 
of Lead and Zine in the Zine Plant 
Sickness, with Remarks on Hygienic 
Measures in Zine Plants.” In zine 
plants, according to this author, the 
so-called zine plant sickness often 
occurred. It consisted in a_ pallid 
appearance, loss of weight, failing 
strength, stomach and bowel troubles, 
nervousness, bluish tint of the gums, 
pains in the joints; often paralysis and 
muscular degeneration, ete., also 
jut all these symptoms 
not oecur together in every case. 
Lead, to the poisonous effect of which 
the zinc worker was constantly ex- 
posed, had a prominent part in the 
origin of the sickness, but according 
‘0 Seiflert it was not the only cause 
9: the sickness, as had been generally 


occurred. 


did 


assumed till very recently. Seiffert 
expressed the opinion that other 
metallic poisons besides lead were 
responsible for the sickness, especially 
zinc, which, he said, had been gen- 
erally considered harmless. 

Seiffert found zine even more 
frequently than lead in the urine of 
69 sick workmen whom he examined. 
Forty of these men (58 per cent.) 
proved to have metals in their urine; 
25 (36.2 per cent.) had zine only; 
2 (2.9 per cent.) had lead only; 13 
(18.8 per cent.) had both zine and 
lead. Thus 38, or 55.1 per cent., 
had zine, and 15, or 21.7 per cent., 
had lead. There were only 2 cases 
among those in which lead was de- 
tected in the urine, in which lead 
polsoning was certainly present; there 
was only | case among the 15 in which 
the general symptoms of chronic illness 
were especially prominent and severe. 
Zinc was superior to lead not only 
in the number of cases, but also in 
the quantity of the metal found in 
the urine. Disregarding the cases in 
which the quantity of metal excreted 
was too minute to weigh, there was on 
an average 3 mg. of zine per liter of 
urine, but only 0.16 mg. of lead. 
Seiffert rejected the objection that 
small quantities of lead could have a 
more dangerous effect than large 
quantities of zinc; he rather thought 
that the human body had a great 
power of tolerating or resisting lead. 

The zine which reached the body in 
the form of dust Seiffert regarded as 
the chief enemy which constantly 
harmed the zine worker. The con- 
stant, though slight absorption pro- 
duced the sickness gradually. He 
believed that zine accumulated in the 
body and was excreted long after the 
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man had been removed from work in 
Zine. 

The fallacies in Seiffert’s reasoning 
are very obvious. To attempt to 
evaluate, by a process of elimination, 
the part zine plays in ulness among 
men known not only to be exposed to 
lead but many of them to be actually 
excreting lead or to be suffering from 
recognized lead poisoning, 1s 
unjustifiable. 


clearly 
To lay great stress, as 
evidence of zine poisoning, on the 
presence of zine in the urine of zine 
workers, and to infer large deposits of 
zinc in the body from the finding of 
this metal in the urine of men months 


after removal from zine work— these 
inferences lose their value as con- 


vincing evidence of zine poisoning, 
when one knows that zine isnormally 
excreted in urine in 
1.75 mg. per day. 
Stepp (23), writing in and 
taking his statements largely from 
textbooks, gave a number of. brief 
references to the existence or non- 
existence of a chronic disease caused 
by zinc. Among these are the follow- 
ing: “In Eulenberg’s scientific ency- 
clopedia (Moller) may read 
‘Chronie poisoning has never 
been observed, although opportunities 
for the taking up of zine have not 
been lacking: there are zine water 
pipes, preserving cans, zine vessels; if 
zine workers become ill, the reason is 
to be sought in contamination of the 
Zine.’ 


amounts up to 


IOL7 


one 


“On the contrary, Gritzer in Der 


Praliiker writes, ‘One ocea- 
sionally encounters chronic — zine 


poisoning, which manifests itself in 
vomiting, intestinal colic, obstipation, 
emaciation, anemia; sometimes museu- 
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lar paralysis occurs, eventually 
atrophy.’”’ | 
Commenting on these Guotssign. 
Stepp wrote: “While the com, rales. 
tions of Méller concerning the py,; 


NSO). 


wit) 


sound 
negative, the results of Cyriityoer 
absolutely positive.”’ 

This statement, to our jninds 
pictures very well the confusion whieh 
exists in the literature in regard {, 
the existence or nonexistence of . 
chronic disease caused by zine. By 
why does this confusion exist? [y 
our opinion, a variety of reasons con- 
tribute to it. The very common con- 
tamination of zine ores with lead. 
arsenic, cadmium, or antimony and 
the failure of investigators to recognize 
the parts that these different sub- 
stances played in the disease picture 
which they were studying; the read- 
iness, even when contamination was 
admitted, to ascribe disease to zine 
because there more zine than 
anything else; the very prevalent ide: 
that the finding of zine in urine was 
a proof of poisoning by zine; the 
stating and restating in the litera- 
ture of conclusions, often erroneous, 
emanating from one or two observers, 
but repeated in reviews and in text- 
books by other men until they became 
authority—these are 
reasons for the conflicting evidence ! 
the literature in regard to so-called 
chronic zine poisoning. | 

The importance of lead anc 0 
arsenic in the industrial potsoning © 
both zine and brass workers has been 


ousness of zine 


un hUalined|,y 


Oo, 
ale 


Was 


f , ? 


some of ti 


stressed by many writers besides ou 
selves—Nowak (quoted |! 


Llainn! 
PLC LPU 


apy 
cil 


V 
Vv 


(24)), Husemann (quoted 
(14), 


(12)), Traeinski Sieard (2 
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W utzdorfi (19), Hamilton (18), Hay- 
hurst (7), ae. Stephens (26) has 
presented evidence in support of the 
jea that cadmium is responsible for 
nctive disturbances among spelter 
orkinen. A certain number of ob- 
apyers are unequivocal in their belief 
‘.4t a chronic disease caused by zinc 
jnne does not exist. Tanquerel des 
Planches (27), for example, in a 
thesis on occupational intoxications 
from copper, zine, and mercury wrote: 
“¥, eonelude for zine as for copper 
«: there exists no occupational in- 
oxication, properly speaking, of zine, 
nd that the accidents observed have 
een due to the impurities which this 
metal may contain (lead, arsenic, 
intimony, ete.), or to the elevated 
onditions of temperature necessary 
for its founding.’ De Pulligny (28), 
report presented at the Tenth 
International Congress for Hygiene 
and Demography, expressed the 
opinion that an occupational poisoning 
by zine, properly speaking, does not 
exist and that any illnesses resulting 
trom work with zine should be attrib- 
iied to the circumstances of the 
ork or to toxic impurities (lead, 
irsenic, ete.). In the discussion of 
‘lis paper, Glibert (see de Pulligny 
“S)) added that it had been proved 
n the numerous zine factories in 
Nelgium that there is no poisoning by 
ine, very little by arsenic, but much 
} V lead. 


Hayhurst (7, p. 833) in his section on 


ne and the . zine industries in Kober 
nd Hayhurst’s “Industrial Health’ 
‘rote, “the physician must get away 
from the idea of attempting to diag- 


Se 


chronic zine or brass poisoning, 


} 
‘ ‘ 
i* 


‘here probably is no such condition. 


Rather, look to lead, arsenic or 
manganese for the specific causes of 
such conditions.”’ 

McCord and Iriedlander (29) in a 
recent article have reported the occur- 
rence, In a small galvanizing plant, 
of widespread gastro-intestinal dis- 
turbances, varying from gastro-enter!- 
tis In younger workers to what were 
considered well-established gastric and 
duodenal ulcers among workers 
employed for a long time. These 
authors, although they accept various 
other substances as possible contribut- 
ing factors, nevertheless “attach sig- 
nificance to zine as & causative agent.” 
The three chief arguments which 
MeCord and friedlander present in 
support of their belief that zine is a 
causative agent in the condition they 
describe are: a demonstration of the 
formation of zine sulphate and zine 
chloride at levels and under conditions 
that involve exposure on the part of 
the workers; the fact that ‘in workers 
whose urine has been tested, zinc has 
been found in quantities in excess of 
accidental urine content from food, 
galvanized iron pipes, ete.;’> and the 
close resemblance which they find 
between their observations of lesions 
among zine workers and reports in 
the literature on the results of experi- 
mental work with zinc. 

In our opinion, the evidence pre- 
sented against zinc in this paper is 
hardly conclusive. 
unfortunate in having to deal with a 
group of unintelligent men who were 
not co-operative and it was, therefore, 


The authors were 


impossible for them to obtain adequate 
evidence of the 
existence of the gastric and duodenal 
ulcers which they 


clinical or laboratory 


suspected, In viev 
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of our own finding that men can absorb 
zine through both the respiratory and 
the digestive tracts and excrete it 
along the gastro-intestinal canal for 
years without any evidence of gastro- 
intestinal disturbance, we are inclined 
to feel that all other possible causative 
agents must be more rigidly excluded 
before zine is incriminated in the 
industrial situation which is pictured 
by McCord and Friedlander in their 
paper. 

The finding which these authors 
report of zine in the urine of workers 
“in excess of accidental urine contact 
from food, galvanized iron pipes, 
ete.,’ is an interesting point upon 
which we should like to see the actual 
figures obtained by the authors. 
amounts of zine normally and con- 
stantly present In urine zre far from 
This fact and the obser- 
vations which we have made on the 
very considerable quantities of zine 
which appear in the urine of zincked 
animals and of zine workers, none of 
whom show any evidence of any sort 
of ill health, have led us to the con- 
clusion that the presence of zine in 
urine is not a significant diagnostic 
circumstance. 

(ne further suggestion should per- 
heaps be made in a discussion of 
MeCord and Friedlander’s paper. The 
experimental evidence in the litera- 
ture which they cite is all prejudicial 
to zine, whereas, as a matter of fact, 
there is a large mass of experimental 
evidence reported indicating that zine 
is not toxic, and that ill health asso- 
elated industrially with zine is in all 
probability due to toxic impurities in 
the zine ores—lead, cadmium, arsenic, 
antimony. 


The 


necligibie. 


32 THE JOURNAL OF INDUSTRIAL HYGIENE 





We have reviewed at some Jere 
the literature on the health of inp 
workers mn order to show the confusion 
that exists in regard to zine as an 
industrial hazard, and in order 
illustrate the various factors of ery; 
which have been the sources of ¢} 
confusion. 


1s 
We hope in the following 
account to clear up the situation some. 
what by presenting the results of g 
detailed clinical and laboratory study 
on men exposed industrially to rela. 
tively uncontaminated zine, and oneiy 
which advantage has been taken of 
new and delicate methods of analysis 
for zine in biologie materials and of 
recent information in regard to the 
normal zine metabolism. 


Il]. SELECTION OF SUBJECTS AND 
INDUSTRIAL PROCESSES 
REPRESENTED 


The New Jersey Zine Company 
plant in Palmerton, Pa., where these 
studies have been carried out, employs 
at the present time approximately 
1,620 men occupied in the manufacture 
of or in research work on zine products. 
These men are engaged in smelting 
zine ore for spelter and for zinc oxide; 
in the rolling of sheet zinc; in the 
various processes of manufacture 0! 
zinc oxide (used especially in_ the 
rubber and paint industries), of litho- 
pone (a barium sulphate-zine sulphide 
pigment, containing approximately 9! 
per cent. zinc sulphide), of various zin¢ 
salts as a by-product, and of blue 
powder or zine dust (fine metallic zine 
used in the dyeing industry) ; and 1D 
investigative work on zine and 1 
products. | 

In the selection of men for thls 
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the department chiefs were 
requested to choose at random long- 
‘ime employees engaged in typical 
ages of operations in the plant where 
‘here was the most intensive exposure 
‘) the highest concentration of zine 
eontaining materials. Men were 
elected, therefore, from the so-called 
hae rooms, the zine oxide packing 


- 


study, 


houses, the French process zinc oxide 
plant, the blue powder or zinc dust 
plant, and the lithopone packing 


house. 
1. Zine Oxide Bag Rooms 


In the so-called bag rooms, zinc 
oxide in suspension, together with 
heated air and gases from the furnaces, 
passes under positive pressure into 
vertical cotton cylinders, approxi- 
mately 39 to 42 feet in height by 22} 
inches in diameter. A filtration of the 
mixture coming from the furnaces 
takes place, leaving the zinc oxide 
collected upon the inner surface of the 
co.ton cylinders or bags. These bags 
are shaken in series according to a 
schedule which requires that each 
bag shaker be engaged in shaking for 
an approximate total of two and one- 
ialf hours in the course of an eight- 
our shift. The bags are shaken by 
iand at various levels and the released 
oxide drops into collecting bags at the 
bottom of each cotton cylinder. When 
the collecting bags are full, they are 
changed for fresh ones. Between 

“ng operations the men _ are 
truly found on the lower floors doing 


1g Work or rest Ing. 


| 
I 


| in this study, twelve men, chosen 
‘Tom several different bag rooms, were 
rsdtnined. In all of the bag room 


Pees l ] 
hill ivy¢ 


ings the process of zine oxide 


collection is, at this stage, essentially 
identical in principle but the character 
of the product, the building construc- 
tion, and the ventilation differ to some 
extent. 

Eleven of the twelve men are bag 
shakers, their work consisting in 
shaking the long cotton filter bags, 
removing loaded collecting — bags, 
repairing “boofs”’ or leaks in the bags 
with patches, when necessary replacing 
bags that have failed, and sweeping 
and cleaning up oxide scattered around 
the hoppers. The work of the twelfth 
man consists in tapping on the sheet 
iron branch pipes and headers and 
sheet iron hoppers, which connect the 
furnaces with the filtering bags, in 
order to loosen the oxide clinging to 
the inside of the pipes and hoppers. 
This tapping constantly stirs up old 
dust which has settled upon the pipes 
from the general dust in the room. 
The job is, consequently, an unusually 
dusty one, as jobs in the plant go. 
This subiect, in addition to tapping, 
occasionally shakes out filtering bags 
and bundles them. Since this man 
(No. 4) has worked thirty-five and 
one-half years for the Company and 
since his job of tapping 1s a very dusty 
one, we regard him as an excellent 
instance of long-continued and maxi- 
mum exposure (in the Palmerton 
plants) to zine oxide dust, and have, 
therefore, chosen him as one of the 
men whose hospital case report is 
given in full. The case report of 
Subject 19, a bag shaker in oxide 
plant A and also a worker on the zinc 
sulphide block, is likewise given in 
full. 

All of the bag house men report 
wearing respirators part of the time 
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presumably during the dustiest part of 
their operations. 
Oxide: Houses 


2. Zine Packing 


The receiving bags full of zine oxide 
are hauled by truck to the packing 
houses, separate buildings where the 


product is sereened, graded, and 
packed into bags or barrels. While 
these operations are largely me- 


chanical, the operators are stationed 
close to the machines and breathe an 
atmosphere in which there is a con- 
siderable quantity of zine oxide in 
suspension. Five of the men in this 
study work in the oxide packing 
houses, two of them removing loaded 
bags from the trucks and pouring the 
oxide out of bags into the hoppers. 
(ne of the packing house men sweeps 
up floors and cleans up around the 
bholters (machines for screening the 
oxide); a fourth shakes out used 
collecting bags from the bag house-- 
very dusty work--and repairs them; 
while a fifth man serves as a helper, 
lending a hand wherever needed. 
With the exception of Number 5, 
who wears a respirator while shaking 
out bags, these packing house men 
report that they seldom or never wear 
respirators. 
Zinc Oxide 


3. French Process Plant 


Two men from the Trench process 
zinc oxide plant were included because 
it was anticipated that a somewhat 
higher atmospheric content of zine 
oxide probably existed there than in 
the other two oxide plants, details of 
the bag rooms and packing houses of 
which have already been given. One 
of the men from the French process 
plant mixes with a shovel different 
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grades of zinc oxide in a large box, an, 
then shovels the mixture into an 
elevator—very dusty work. Pj, 
second man is a reheater man. His 
job is to receive into pans oxide whioh 
has gone through the reheater, ; 

Neither of these two men wears 4 


respirator. 





4. Blue Powder or Zine Dust Plan 


In this plant the finely divided 
metallic zine (blue powder) is collecie; 
into open trays from vertical cop. 
densers and transferred for screening 
and packing. This operation is vot 
particularly large one but is, neye; 
theless, fairly constant. Six men ay 
employed at it daily. Two of the men 
whom we have studied clinically work 
in the blue powder plant. 
them charges retorts, draws out blue 
powder, fires the furnaces and muffie 
kiln, and cleans the fires, removing 
ashes and wheeling in coal. The 
second man works part of the time 
with the blow-out crew, blowing cus' 
and refuse out of the flues under th 
spelter furnaces. The rest of the 
time-—-two to three hours a day —e 
screens zinc, partly by hand, partly by 
machine. Since screening blue powder 
is the dustiest part of the operation 
in the blue powder plant, this ma 
(No. 1) has been selected as one 0 
those whose case report is given 1! 
full. 

Subject Ll wears a respirator mi 
of the time, while his companion ! 
the zine dust plant wears one only & 
days of high wind. 


( ne of 


5. Lithopone Packing House 


Here is screened, graded, and pack! 
lithopone, a barium sulphate-zine su 
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pigment, prepared by a process 
_jieh, until the product reaches the 
woeking house, involves the handling 
of moist materials only. Men were 
eluded from this type of operation 
’ » {o obtain information con- 


OPaei 


phide 


bad 


sopping the possible variations of the 
ject of zine when it is absorbed as 
sulphide rather than as an oxide. 
The possible influence of the barium 
-]t in the combination must, however, 
be taken into consideration, and the 
fact that only 30 per cent. of the pig- 
ment is zine suphide. 

Three workers from the lthopone 
packing house are included in our 
study. One of them sees that the 
lithopone is carried on conveyors to 
the bolters, and cleans up around 
hoppers and bolters. Two others 
work as packers, handling, emptying, 
and loading barrels and bags of litho- 
pone, and heading barrels. 

The three lithopone men report that 
they do not wear respirators. 


LY. ZINC CONCENTRATION IN AIR IN 
ParTs OF PLANT FROM WHICH 
“SUBJECTS WERE SELECTED 


in order to determine as exactly 
as possible the amounts of zine to 
which our various workers were ex- 
posed, determinations were made of 
the atmospheric concentrations of 
ane in various parts of the plant, 
typical of the working places of each 
of the twenty-four workmen studied. 
The dust sampling apparatus em- 
ployed was a type of electric pre- 
“ipitator, first used and described 
a detail by Drinker, Thomson, and 
Fitchet (30); the dust samples were 
collected, in the manner described 


Vol 8 
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in their article, by R. M. Thomson, 
one of the developers of the apparatus; 
and, finally, the dust samples were 
analyzed for zine in the laboratory 
of the Department of Ventilation and 
Illumination of the Harvard ~chool of 
Public Health. The collection of 
samples was made under varying 
weather conditions, but, on the whole, 
the samples represented fair averages 
of the dustiness to which the various 
workers are usually exposed. 

The samples in all cases were taken 
as close as was practically possible to 
the operation which was _ being 
studied—in all except two cares, 
within 4 feet; in most cases, nearer 
still. In one of the exceptional opera- 
tions, that of shaking out long oxide 
collecting bags against a standard, 
the investigator was forced to stand 
about 8 feet away from the operator 
(Subject 5) while taking his sample. 
In the other exceptional operation— 
the screening of blue powder —the 
sample was taken 5 to 6 feet from the 
operator (Subject 1). The actual 
maxlinum zine concentrations to which 
these two men are exposed are, there- 
fore, probably slightly higher than 
the figures given. Since this investi- 
gation is concerned with the efiects of 
zinc, no attempt was made to deter- 
mine the actual dust content of the air. 
Although in all cases organic and other 
inorganic matter was present, the 
results of the air analyses are given 
throughout in milligrams of zine per 
cubie foot of air. 

Chemical analyses of the samples for 
zinc were made under carefully con- 
trolled conditions, either by titration 
with potassium ferrocyanide, uranium 
acetate being used as an outside indi- 
eator, or by turbidimetry with potas- 
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sium ferrocyanide. The procedure 
was as follows: Kach sample was 
made up to definite volume; one-half 
of each volume was evaporated to 
dryness, and by the amount of residue 
left 1t was judged whether titration or 
turbidimetry should be used. If 
titration was used, the other half of 
the sample was reserved as a check; 
if turbidimetry was used, the half 
portion was, in most cases, sufficient 
for duplicate analysis. In no case was 
a single analysis of a sample taken 
as a final result. The following is a 
brief summary of the results obtained 
from the dust sampling tests. 


1. Settling Test in Bag House 


This test was undertaken to obtain 
iden of the concentrations of 
zinc to which bag house men, em- 
ployed on bag shaking, are exposed 
during a complete cycle in shaking the 
bags of one block on one floor. The 
period of time elapsing between shakes 
on a floor is usually four hours. The 
test was timed to begin with the start 
of the shaking on one block and was 
continued until the next shake was 
The sampling apparatus was 
set up in the center of a block, which 
consists of ten rows of bags, and left 
in this position throughout the test. 

As will be seen from Figure 1, the 
concentration of zine in the air is 
highest during the periods of shaking; 
falls off rapidly after the shake; rises 
again, owing to shaking in the same 
block on the floor above; and then 
ilies off again until another shake is 
made on the same floor. It appears 
frov. the results that the more rapid 
ani vigorous the shaking, the higher 
will 


some 


miade, 


the zine concentration 


| i 
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breathed. Assuming that condition, 
in the block on which this Settling 
test was made are representative of 
this particular bag house, the Operator 
would be exposed to a concentration of 
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Fig. 1.—Zine oxide settling test in bag 
house, oxide plant B. A, 11:07 a.m., during 
shake of seventeen and a half minutes: J}. 
12:10 p.m.; C, 12:47 p.m., during shake on 
floor above; D, 2:25 p.m.; E, 2:55 p.m. 
during shake of thirteen minutes. 


about 0.3 mg. of zine per cubic foot, 
during his working shift, provided he 
were bag shaking continually. 
however, bag shaking does not occupy 
all the operator’s time, his exposure 
to this concentration is by no means 
continuous. 

The actual figures obtained during 
the settling test, in milligrams of zinc 
per cubic foot, were as follows: 11:07 
A.M. (during shake), 0.29; 11:37 A.M. 
0.15; 12:10 p.m., 0.125; 12:47 P.M. 
(shaking on floor above), 0.263; 1:1) 
P.M., 0.218; 2:25 p.m., 0.122; 2:99 
p.M. (during shake), 0.39. These fig- 
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ures, 1t must be remembered, repres¢! 
only a fair average. 
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ptedly vary from day to day, de- 
pel ending on the activity of the plant 
und on atmospheric conditions. 


- Bag Houses: Oxide Plants A and B 


\Vith the exception of the sample 
-aken during the operation of tapping 
hranch rows and headers (job of 
Subject 4), which showed 1.31 mg. 
of zine per cubic foot, all other samples 
‘aken from various parts of the bag 
houses were well under 1 mg. The 
average figure for the bag shaking 
operations of oxide plants A and B, 
excluding the Kadox (trade name for 
very finely divided oxide made by a 
special process) block, where the 
tmosphere is comparatively free from 
ust, even during shaking—probably 
necause of the fact that this operation 

performed on a very small scale as 
ompared with other bag shaking 
operations—was 0.41 mg. of zine per 
ubic foot. This represents the aver- 
ge zinc concentration to which Sub- 
ects 9, 10, 11, 12, 13, 14, 15, 18, 19, 
4), and 21 are exposed. During a 
jange of collecting bags on the ground 
‘oor in oxide plant B, the concentra- 
ion of zine in the air duvion r the change 
eached a higher figure than occurred 
uring the shake—7.e., 0.78 mg. per 
ihic foot. No figure was obtained 

similar operation in plant <A, 
nd the maximum concentration given 

Table 2 for plant A bag shakers is, 
ierefore, slightly lower than the high 
sure ior that of plant B men. As 
ach individual is probably not. ex- 
osed for more than one hour a day 
operation of changing collecting 
‘es, the omission of the figure for 
* process in plant A is not of con- 


ilPTH ce 


+ | 
Lit? 


3. Packing Houses: Oxide Plants A 
and B 


In the packing houses, zine is fed 
from a top feeder floor through hoppers 
to a bolter floor, where the product is 
cleaned by screening in a rotating 
drum, and is then passed through 
closed chutes to packing machines on 
a packing floor below. 

The concentration of zine in the 
packing house feeder floors away 
from the immediate hoppers was 0.136 
mg. of zine per cubic foot (plant B). 
This figure represents the general 
conditions on the feeder floor. The 
concentration around the hoppers 
varied with the rate at which the bags 
were emptied. The following figures 
in milligrams of zine per cubic foot 
are samples of the dustiness in both 
plants A and B during the bag 
emptying: 0.4, 0.57, 0.89. This last 
figure represents the maximum zinc 
concentration to which Subjects 7 and 
S are exposed. Subject 16 is a general 
clean-up man on the bolter floor of the 
packing house, plant A. We _ have 
unfortunately no figure for the zine 
concentration on the bolter floor of 
this packing house. In plant Bb, the 
packing house bolter floor concen- 
tration is 0.56 mg. per cubic foot, and 
we have used this figure as representing 
the concentration to which Subject 
16 is exposed. 

Subject 5, who cleans used collecting 
bags on the bolter floor of plant B 
packing house, by shaking them 
against a standard, is exposed for 
about an hour each day, while he 
performs this operation, to a higher 
zinc concentration than that existing 
on the bolter floor in general. A 
sample taken during this bag shaking 
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operation, S feet away from. the 
operator, contained 1.25 mg. of zine 
per cubic foot. Except for approxi- 
mately one hour’s bag shaking per 
day, Subject 5 spends his time repair- 
ing used bags and is exposed, during 
this period, to the 0.56 mg. of zine 
per cubic foot which exists in the bolter 
room in general. 

Subject 17, a helper on the feeder 
floor, where Kadox as well as ordinary 
zinc oxide is packed, is subject to 
atmospheres varying in concentration 
from 0.07 to 0.4 mg. of zine per cubic 
foot. 


4. French Process Zine Oxide Plant 


Bag house conditions during a 
shake show a somewhat higher con- 
centration of zine in this plant than 
in oxide plants A and B, the maximum 
concentration obtained during a shake 
heing 0.82 mg. of zinc per cubic foot. 
The sample showing the highest con- 
centration of zinc in this plant was 
obtained during the mix box opera- 
tion. ‘This sample was taken in the 
mix box itself at approximately the 
nose level of the mix box man (Subject 
3). On analysis, it proved to have 
1.64 mg. of zine per cubic foot. The 
sample taken at the bottom of the 
reheater in this plant—the atmosphere 
to which Subject 24 is exposed— 
showed a concentration in zine per 
cubic foot of 0.03 mg. 


5. Blue Powder or Zine Dust Plant 


The operation of emptying and 
recharging the furnaces in this plant 
is accompanied by an exposure to 
concentrations of zine which vary 
greatly with the operator’s distance in 
feet away from the furnace. The 
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figures range from 2.04 mg. per cul 
foot 2 feet away from the furnaes 
0.176 mg. 6 feet away from the furns,, 
The high temperature of the fume j 
this operation causes it to rise rapidly 
beyond the operator’s breathing level 
so that his exposure to very high ep». 
centrations is momentary. As the 
normal position of the operator j. 
about 4 or 5 feet away from 
furnace, the concentration to which }y 
is exposed during the greater part of 
the operation is not nearly so high a. 
the maximum figure obtained in thi 
room. Subject 2 is employed at this 
operation. 

The dust sample taken during the 
screening of blue powder gave th 
highest concentration in zine of al! 
the samples taken in this investigation 


‘ 
+ 
Lhe 
) 


v.e., 3.7 mg. per cubic foot. This 
sample was taken 5 to 6 feet away 
from the operator, and _ represents 


approximately the atmosphere to 
which Subject | is exposed two t 
three hours a day. Weather condi- 
tions temperature, and 
amount of wind, especially) probably 
play an important part in the zinc 
concentrations in this plant, because 
of their influence on the rate at whieh 


the fume will rise. 


(season, 


G. Lithopone Packing House 


In the lithopone packing house there 
are two floors. The top one Is a feeder 
floor where the lithopone is brought in 
by a belt conveyor and is dumpe 
mechanically into a_ receiving hin. 
Krom this it is conveyed mechanically 
by way of a packer bin to the packing 
floor below, and dropped into the 
packing machines. In this top root! 


lithopone is also at times emplle’ 
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‘om bags and shoveled upon the belt 
conveyor. 

ryeept for a sample taken over the 
oeeiving bin (1.12 mg. of zine per 
sabie foot), Where the operator works 
snly when plugging occurs, all zine 
concentrations in the lithopone pack- 
‘ng house were low. Sample analyses 
-ere as follows: top floor of packing 
souse, beside packer bin, 0.14 mg.; 
top floor packing house, where bags are 
emptied, 0.177 mg. ; packing room, 
beside mechanical packer, 0.067 mg. 
The low concentration of 0.067 mg. 
represents the atmosphere to which 
Subjects 22 and 23 are exposed. 
Subject 6, who works on the top floor, 
is exposed to a range of zine concen- 
tration of from 0.14 to 1.12 mg. 

Table 2 contains the following data 
grouped together in summary form: 
ages of subjects, terms of employment, 
places of work and special jobs, zinc 
compounds to which individuals are 
exposed, ranges of zine concentrations 
which exist in the particular parts of 
the plant in which individuals work, 
and radiographic chest findings. The 
subjects are arranged in numerical 
order according to the maximum con- 
centrations of zine to which they are 
exposed during any part of their day’s 
work. That is to say, Subject 1 is 
exposed at some time or other during 
the course of his employment to the 
highest zine concentration of any man 
in the group. By this method of 
isting we have attempted to group the 
nen in the order of the extent of their 
“Xposure to zinc. This same method 
*l humbering is used throughout the 
paper, so that Subject 1 of Table 2 
Is the Subject 1 of all other tables. 

It is very interesting to compare the 
uaximum degrees of dustiness to 


which our workers are exposed with 
the zine concentrations which Drinker’ 
and his associates have determined 
experimentally to be threshold ones for 
obtaining metal fume fever reactions. 
This investigator, working’ with 
freshly generated zinc oxide, very dry 
and in a very fine state of subdivision, 
has found that an individual unaccus- 
tomed to zine, breathing slowly and 
deeply this fine zine oxide dust in 
concentrations of approximately 1.6 
to 2 mg. per cubic foot for fifteen 
minutes or more will develop a low 
grade metal fume fever reaction —that 
is, discomfort and aching and perhaps 
a slight rise in temperature. Zine 
oxide, it should be pointed out, though 
very highly dispersed when freshly 
generated, rapidly aggregates. Metal 
fume fever reactions are apparently 
entirely dependent on the number of 
particles which actually reach the 
lung alveoli and actually stay there, 
and this number varies with the 
degree of dispersion of the particles in 
question in the air breathed. 

The oxides to which workmen in 
our series are exposed are, in the main, 
minutes, hours, or days old and are, 
therefore, highly aggregated. The 
large particles of the aggregated oxide 
are filtered out much more readily in 
the upper respiratory passages than 
are fine oxide particles and the number 
reaching the alveoli is consequently 
much less than when fresh fume is 
inhaled. A man breathing air con- 
taining fresh oxide at one time, and 
old oxide of the same zine concentra- 
tion at another, would inhale into 
his alveoli very many more dust 
particles in the first case than in the 


2 Unpublished data. Personal communi- 
eation, 
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A 


around hili. 
few calcareous glands, indi- 


cating a childhood tubercu- 


Lungs are clear. 


Normal lungs. 
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handles 
handles 


packel ; 
packer ; 
empty and loaded barrels and 


and loaded barrels and | 
bags, and heads loaded bar- 


and heads loaded bar- 


0.030 


receives into | Oxide 


and rakes oxide which 


has gone through reheater. 
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second. The larger aggregates, 
stopping in the upper respiratory tract, 
are, to a considerable extent, coughed 
up and spit out, blown out with nasal 
secretions, or swallowed. 

Lithopone is heavier than zinc oxide 
and is also highly aggregated and, 
therefore, falls into an even lower 
class than mature oxide from the point 
of view of the amount reaching the 
alveoh. Zine dust is fine but we 
have, as yet, no comparative data as 
to its particle size in relation to that 
of oxide. 

Three of the men in our. series 
(Subjects 1, 2, and 3) experience, 
during their inaximum zine exposures, 
air concentrations of zine higher than 
those which Drinker required to 
obtain threshold metal fume fever 
effects with young oxide. One of these 
men is exposed to old oxide, the other 
two to metallic zine. All three of 
them report never having had chills 


ov “shakes.’’ 


V. PosstpteE Routes or ZInc 
ABSORPTION 


There are three possible routes by 
which zine may be absorbed by men 
handling zine or its compounds in- 
the respiratory tract, the 


Wit h- 


dustrially 
skin, and the digestive tract. 
out doubt, the respiratory tract in our 
subjects 1s the important portal of 
entry. Metallic zine, zine sulphide, 
and zine oxide are all relatively in- 
soluble, and the amounts of zine 
actually result of 


contact of these substances with the 


absorbed as a 


skin are probably negligible. The 
gastro-intestinal tract is, however, a 
portal of entry which must be taken 
into consideration. Undoubtedly, the 
men do swallow some of the dust which 


they inhale and, especially when eating 


Sa end 
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during work. some of that which coats 
their faces and hands. 

To evaluate the actual amount of 
zine absorbed by a given individual 
is practically impossible. Assuming 
the same degree of exposure in several 
individuals, such variable factors as 
rates and depth of respiration, 
amounts of tidal air, areas of absorb- 
ing surface, etc., enter in to alter the 
amounts of the metal which eventually 
reach the blood stream of a given 
individual. The only light which we 
ean throw upon the question of the 
actual amounts of zine absorbed 
comes from our data on the amounts 
of zine actually exereted by our various 
subjects—a matter which we will dis- 
cuss later. We are not prepared to 
with assurance whether or not 
excreted zine is a measure of the 
amount of zine absorbed. It seems 
probable, however, from animal experi- 
ments now being carried on in the 
Department of Physiology of the 
Harvard School of Public Health, that 
zine, unlike lead, is not stored in the 
body in significant amounts for long 
periods but is exereted in amounts 
approximate to those absorbed. 


say 


VI. GENERAL WorkKING CONDITIONS 


The working conditions under which 
the subjects of this study are employed 
are those of any modern metallurgic 
industry. The men are encouraged 
to be clean in their personal habits, 
and usually take a shower followed by 
a change of clothing after a shift of 


eight hours. Shower baths. wash- 
rooms, and dressing rooms are pro- 
vided. The men wear. in the dustiest 


operations, the King respirator with 


a fair degree of regularity. Its use was 
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omitted for the day preceding 4, 
study. 


Vil. OvuTLtine or Curyican 4, 
LABORATORY PROcEDUREs 


The subjects for this study op 
admitted to the hospital in the |g: 
afternoon within one or two hoy 
following active work, and remaine; 
there for forty-eight hours. Al] hy 
one man had taken a shower bath 
before admission. The men eo. 
operated willingly in the investigation. 
They were paid the usual daily wag 
during the time spent in the hospital, 
Their replies to questions were prompt 
an interpreter assisting whenever 
necessary, and were, we believe, un- 
biased by any considerations as t 
possible effect on material welfare. 

During their stay in the hospital. 
the men were up and about and were 
allowed a diet without restriction and 
tobacco according to their taste. A 
compound cathartic pill was usually 
given on the evening of admission t 
insure adequate evacuation during th 
unaccustomed inactivity. 

A detailed history and a careful 
physical examination was made 0! 
each subject. In addition, the follow- 
ing laboratory procedures were under 
taken: 

a. A blood sample was secured irou! 
each man on the evening of admissi0r 
for determination of zine content by 
the Lutz (31) urobilin method. \! 


the morning of the day of discharge 
a second blood specimen was wit! 
drawn for a second zine determinatio 
b. The total amount of urine passe 
by each man during each twenty-fou! 
hours of his stay in the hospi‘: " 
These specimens \! 


collected. 
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_»ined chemically for albumin, sugar, 
asl total zine content (by the turbidi- 
seine method), and microscopically 
easts, pus, blood cells, ete. 
The total fecal output of each 
for each twenty-four hours was 


oY 
aA 


Jocted for total zine determinations 
‘itration with potassium = ferro- 
-apide, Oeceult blood in the stools 
os also tested for by the benzidine 
action. The special diet restriction 
necessary for the rigorous application 
{this occult blood test was, however, 
‘followed. The stools were passed 
irectly into cardboard containers. 
White and red blood counts, 
moglobin determinations, = and 
erential blood counts were made 
» each subject, usually the day 
following admission. A Wilson modifi- 
tion of the Romanowsky stain was 
wed for the differential count. The 
emoglobin standard was checked and 
orrected with the Newcomer glass 


standa rd 


A chest radiograph was taken of 
man. 


VI. Resutrs or CLINICAL AND 
LABORATORY IeXAMINATIONS 


1. Clinical Findings 


lhe three following case reports 


1) 
riT 


i serve to illustrate the detail with 


‘hich the past histories were taken 


| the character of the physical 
duinations which were made upon 

subjects of this investigation. 
1¢ three men in question have been 
‘he employ of the Company for 


sTigvcl 


's varying from four and one-half 
‘hirty-five and one-half years and 
therefore excellent examples of 
Ong exposed to zinc. Two of the 


work with zine oxide— one of 


these with zine sulphide as well — and 
one with metallic zine. Following 
these illustrative case reports, we will 
summarize the results of the climeal 
findings on all twenty-four of the 
men. 


Illustrative Case Reports 

Case 1.—This man, an Hungarian, 40 
years old, has been in the employ of the 
Company at various jobs for ten and a half 
years, for the last six in the blue powder 
plant. Ile now works part of the time with 
the blow-out gang, blowing dust and refuse 
out of the flues under the spelter furnaces. 
Two to three hours 2 day he sereens zine 
dust inthe blue powder plant. partly by 
hand and partly by machine. ‘This work of 
screening blue powder involves exposure to 
higher concentration of zine in the air than 
any other operation in the plant. While 
screening, this man usually wears a respi- 
rator. 

Family History. The subjeet is marricad 
and has six children. His father and mother 
are dead of unknown causes. One brother 
is alive. 

Past Medical History. We reealls having 
had, at the age of 7 or S, chills and fever 
associated with a rash--presumably searlet 
fever. He has had oceasional slight head- 
aches. Otherwise his past medical history 
is negative. He has had no ear trouble, 
nosebleed only once, no dyspnea, no cough, 
no neuromuscular nor genito-urinary trou 
ble. He eats heartily, his bowels move 
regularly, usually twice a day, and hi 
weight has not varied more than 2 to 
pounds for a number of years. He wa. 
partaker of beer in days gone by. Tle ha 
never had “shakes”? and does not conside) 
his health in any way impaired in conse- 
quence of his work. 

Physical Examination. — This subjeet i 
well-built, fairly robust man, weighing 140 
pounds, with ruddy face and exceeding, 
clear skin. ‘There are one or two sears ©} 
leech applications over the spine, but no 


evidence of old furunculosis. 


Ilead) examination hows seanty has 
over the temples; there is no cranial tende: 
ness. The eclerne are clear: both pup! 


are equal and react normally to light and 
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accommodation; convergence is good and 
there is no nystagmus. ‘The nasal septum 
is displaced slightly to the left but breathing 
space is good. The canals and ear drums 
are clear. The pharynx is slightly injected 
und some persistent and enerypted tonsillar 
tissue is present. There are a few snag 
ieceth and a moderate grade of pyorrhea, 
but the mouth on the whole is in fairly good 
condition. The tongue is clean and pro- 
trudes in the midline. No glands are pal- 
pable in the neck. There are a few scars 
of small old sinuses on the right side of the 
neck, but these are well healed and freely 
movable. 

Chest examination shows a full chest with 
hoth elavieles slightly prominent; respira- 
tory movement is free. Tactile fremitus is 
transmitted equally on both sides; the per- 
cussion note is everywhere clear; resonance 
is increased within normal limits on deep 
inspiration; breath sounds all over the chest 
are normal, being clear and devoid of réles 
on both inspiration and expiration. The 
point of maximum impulse of the heart is 
felt in the fifth interspace, 10 em. from the 
midline. The region of eardiae dulness 
extends 12 em. to the right in the fifth inter- 
space. Heart sounds are clear at the apex 
and base; there are no murmurs. Radial 
pulses are equal, regular, and of moderate 
volume. Systolic blood pressure is 122 mm. 
IIe; diastolic, 68. 

lixamination of the abdomen shows good 
tone of the abdominal muscles. There is no 
tenderness and no hernia. The liver dul- 
ness extends 2 cm. below the costal margin. 

The extremities show well-developed mus- 
culature. Deep reflexes are present, equal 
and somewhat sluggish. 

Laboratory Findings.—Examination of 
the urine shows a specific gravity of 1.010; 
no albumin; no sugar; no casts, pus cells, 
nor red cells. 

Blood examination shows 82 per cent. 
hemoglobin; 5,270,000 red blood cells; and 
10,000 white blood cells per cubic millimeter 
of blood. <A differential count shows the 
following percentages of cells; polymorpho- 
nuclear leukocytes, 68; small lymphocytes, 
17; large lymphocytes, 3; large mononu- 
clears, 4: transitionals. 6; and basophils, 2. 

Quantitative analyses of blood, urine, 
and feces for zinc give the following results: 





blood, 0.451 and 0.5 mg. per 100 ¢ a 
and second day, respectively; uring. ) 
mg. and 1.38 mg. per 100 c.c., first and Seen 
day, respectively; feces, 27.63 mo ,... 
twenty-four hours (second day), 

X-ray plate of the chest shows moderat, 
fibrosis throughout both lungs. This oe, 
dition may possibly indicate an 
pneumonokoniosis. The plate shows 
apparent enlargement of the aorta. snes, 
gestive of syphilis. ; 

Case 4.—This man, an American, aoe) 


Car 


=! ‘4 


63 years, has been in the employ of ¢| 


L1e 
Company since 1890. For fourteen and « 
half years he has been employed in the bag 
room of oxide plant B. His work consists 
in tapping on the sheet iron branch pipes 
and headers and the sheet iron hoppers 
connecting the outside furnaces with the 
oxide filtering bags, the purpose of this 
tapping being to loosen the oxide clinging 
to the inside of the pipes and_ hoppers. 
Occasionally he shakes out and bundles oli 
bags. He wears a respirator much o! the 
time as his work is very dusty. Ile also 
wears a hood to protect his head and neck 
from the hot oxide. 

Family History.—This subject is married 
and has six children in good health, three 
of them working in the plant. His father 
died at the age of 78. His mother is living, 
aged 8S. He has six brothers and tw 
sisters, all living and well. 

Past Medical Hisiory.—UHe remembers 
nothing of his childhood diseases and re- 
calls no time, beyond an occasional [e\ 
days, lost from work on account of illness 
He recalls having had metal fume chills 
the first two weeks following employment 
in the zine industry in 1890, and only once 
or twice since then. He reports having 
had oceasional very slight frontal headacl 
up until one or two years ago. He can se’ 
well at a distance but requires glasses io! 
reading and writing. He has had no nos’ 
bleeds and no disturbances of hearing 
His teeth have been neglected and give hin 
considerable trouble. His past histor 
negative for dyspnea, pleural pain, 
edema. He has had no cough except *!" 
occasional coryza. He occasionally — 
pectorates material tinged with oxic, " 
only on extreme coughing. Ife eats 


his bowels move regularly once or '\ 
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and he has never suffered from ab- 
costal pain. Recently he has gained 
sohtly in weight. He drinks beer moder- 
i His neuromuscular history is nega- 
| Z - is likewise his genito-urinary past 
stateae He has had no burning on mictu- 
tion nor nocturia. 
physical Examination.—The subject is 
small spare man, 5 feet, 4 inches tall, 
nd weighing 127 pounds. His skin is clear 
snd there is no evidence of any past furun- 
| josis. His hands show no marked callus. 
lyamination of the head shows hair 
ther seanty over the temples; there is no 
oranial tenderness. Slight puffiness is 
odent beneath the lower eyelids. The 
iorae of his eyes are somewhat injected, 
nd there isa distinet arcus senilis present. 
‘oth pupils are equal in size and react 
normally to light and accommodation. 
\fuseular tests show convergence of the 
right eve to be slightly weak; there ts slight 
nystagmus on extreme deviation of the 
ihsineither direction. Ophthalmoscopic 
examination shows clear media and elon- 
cated nerve heads. There is a_ bright 
orange reflex. ‘The nasal septum is slightly 
lisplaced to the left, restricting somewhat 
‘the breathing space on the left. The drums 
of both ears are obscured by wax in the 


canals. ‘Tonsillar tissue is atrophic and the 


pharynx somewhat injected. Teeth are 
in very bad condition, numerous snags 
roken off at 


the gum level being present. 
‘here is marked erosion of the gum and 
vorrhea about the few remaining lower 
teeth. No lymphatie glands in the neck 
te palpable. 

Chest examination shows the right clavi- 
‘e very slightly prominent. The chest 
ontour and chest movements are sym- 
metrical. Tactile fremitus is transmitted 
*qually on both sides; the percussion note 
* everywhere strikingly clear; pulmonary 
esonance is lowered with deep inspiration 
outs em, on the left side and 2} em. on 
ve right. On auscultation, the breath 


“nds seem slightly distant for a man of 
Lhis build 


heard 
} 
q 


A few transient coarse rAles can 
over the larger bronchi on the 
» Side, but no other rales either on 
yration or on expiration. Whispered 


reat . : ° 
‘sounds show inereased transmission 


© apices. 


b+ 


8] 


th vi 
Radial pulses are regular 


in frequency and rate, and the vessel walls 
are not palpable; there is a slight increase 
in volume on the left side. The point of 
maximum impulse of the heart is felt in the 
fifth interspace, 10 em. from the midline. 
The region of cardiac dulness extends 11 
em. to the right in the fifth interspace. 
Heart sounds are clear at the base and at 
the apex; there are no murmurs. Systolic 
blood pressure is 188; diastolic, 97. 

ivxamination reveals a slightly distended 
abdomen. In the upper quadrant of the 
right rectus there are two small lipomas, 
measuring approximately 2.4 em. in diam- 
eter, and extending very slightly above the 
normal contour of the abdomen. There is 
no tenderness nor muscle spasm. Liver 
dulness extends about 1 em. below the 
costal margin. There is slight bulging at 
the external rings on coughing. 

Examination of the extremities shows 
fairly well-developed musculature. Deep 
reflexes are present and equal; there is no 
tremor. Slight fine varicosities are present 
on the left leg below the knee. 

Laboratory Findings.—iExamination of 
the urine shows a specific gravity of 1.008; 
no albumin; no sugar; no casts, pus, nor red 
cells. 

Blood examination shows 82 per cent. 
hemoglobin; 5,502,000 red blood cells; and 
14,400 white blood cells. A differential 
count shows the following percentages of 
cells: polymorphonuclear leukocytes, 67; 
small lymphocytes, 8; large lymphocytes, 
10: large mononuclears, 2; transitionals, 13. 

Quantitative analyses of blood, urine, 
and feces for zinc show the following re- 
sults: blood, 0.466 and 0.5 mg. per 100 c.c., 
first and second day, respectively; urine, 
0.37 and 0.19 mg. per 100 c.c., first and second 
day, respectively; feces, 54.31 mg. per 
twenty-four hours (second day). 

X-ray plate of the chest shows a smooth 
diaphragm and lungs clear. There is a 
slight increase in hilus shadows, not unusual 
at this age. The heart is normal. 

Case 19.—This man, a Portuguese, 30 
vears old, has been in the employ of the 
Company for four and a half years, for the 
last four years as a bag shaker in the bag 
room of plant A. He also works on the 
sulphide blocks. 

Family listory.—The subject is married 
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and has had two children, both of whom 
died in infancy. His mother and father, 
aged 62 and 63, are both living and well. 
One brother and one sister are living and 
well. 

Past Medical History.—He has no recol- 
lection of childhood diseases and denies any 
illnesses in spite of close questioning. He 
reports having had no headaches, no sore 
throats, no nosebleeds, no disturbances of 
vision or of hearing, no dyspnea, no pleural 
pain, no cough, no hemorrhages. His appe- 
tite is excellent; he eats three large meals a 
day and any kind of food. His bowels 
move twice daily; he has no past history of 
vomiting or of digestive discomfort of any 
kind, He does not use beer or wine to 
excess but he smokes ten to fourteen cigar- 
ettesaday. His adult weight has remained 
stationary. His genito-urinary and neuro- 
muscular past histories are negative. 

Subject 19 has worked in the bag room 
for four years; he has never had ‘‘shakes’’ or 
health difficulties due to his employment of 
which he is aware. 

Physical Examination.—This subject is 
a rather slight, wiry individual, 5 feet, 6 
inches tall, weighing 125 pounds. His skin 
is everywhere exceptionally clear and soft 
except for his hands, where there are well- 
developed calluses over the flexor surfaces 
of the fingers. 

Head examination shows some irregular- 
itv in the occipital region. There is no 
cranial tenderness. Both pupils are rather 
large, equal, and react to both light and 
accommodation. Ophthalmoscopic exam- 
ination shows the media clear, and orange- 
red fundie reflexes. The nerve heads are 
clearly outlined and both show some pig- 
mentation. The vessels show a marked 
tendency to ptosis but are not at all full. 
The cup is pronounced and rather eccentric. 
The nares are clear and there is good breath- 
ing space. The tonsils are atrophic; the 
pharynx is clear and the tongue clean. 
The teeth are in good condition but show 
some tobacco stain; there is very slight 
pyorrhea. Nolymphatie glands in the neck 
are palpable. 

The chest is full formed and symmetrical 
with movement unrestricted. The right 
clavicle is slightly prominent. Breath 
sounds are equally transmitted on both 





sides. ‘The percussion note is eyeryy),. 
clear except for the common increase 7 
force at the right apex. The pulmonary 
resonance descends within norma] limits 
on deep inspiration on both sides. Ausey!. 
tation reveals normal breath sound: 
throughout, with a slight expiratory pro- 
longation at the right apex as would }, 
anticipated. There is no roughening 
breath sounds, and no rales. The point 9: 
maximum impulse of the heart can be gee, 
in the fifth interspace 9 em. from the mj . 
line. The region of cardiac dulness oy. 
tends 10 cm. in the fifth interspace, {) 
right border is not made out. Heart sound: 
are clear at the apex and base. In the latte; 
region they seem slightly distant. Tho 
radial pulse on the left side shows a sligh: 
increase in volume over that on the righ 
The pulses are regular in force and lenet) 
the rate during the examination is some- 
what increased over normal. Systolic bloo! 
pressure is 114; diastolic, 65. 

Examination of the abdomen shows well- 
developed musculature. There is a sma 
nodular thickening with slight subeuta- 
neous injection at the margin of the nay 
about 3 em. in diameter. There is no a)- 
dominal tenderness and no hernia. The 
liver dulness extends about 2 em. below the 
costal margin. 

The musculature of the extremities 1s 
well developed. The deep reflexes are slug- 
gish and equal; there is no tremor. 

Laboratory Findings.— Examination 
the wrine shows a specific gravity of 1.90! 
no albumin; no sugar; no casts, pus cells. 
nor red cells. 

Blood examination shows 82 per cet 
hemoglobin; 5,470,000 red blood cells; an: 
14,200 white blood cells. A differentia 
count shows the following percentages | 
cells: polymorphonuclear leukocytes, “ 
small lymphocytes, 10; large lymphocyt™ 
5; large mononuclears, 2; transitionals, + 
eosinophils, 1; and basophils, 1. | 

Quantitative analyses of blood, wr! 
and feces for zinc gave the following rests 
blood, 0.6 and 0.4 mg. per 100 c.c., first ®! 
second day, respectively; urine, 1.4 %" 
1.95 mg. per 100 c.c., first and second aay 
respectively; feces, 39.45 and 32.90 
first and second day, respectively. 

X-ray examination of the ches! 


’ 
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jight fibrosis around the bronchial trunks 

oailinet to the apices, and a few sharp dis- 
my | te areas of fibrosis indicative of an old 
nits scion, both conditions suggestive of a 
| nonspecific fibrosis such as may follow any 
jpspecifie irritant—whooping cough, for 
example. The lungs are clear. 


to summary of Histories and Physical 
see) | Examinations 
nid- The general results of the histories 


ex. and clinical findings upon all twenty- 

‘our of the men may be summed up 

man is follows: 

The Duration of Employment: 

igh The figures for duration of employ- 

nent (given in full in Table 2) were 

‘aken from the employment office 

baa sports and include the periods of time 
luring which the various subjects 

vell- have been in the Company’s employ, 
ind the period of time, also, during 
which each man has been working on 

i. the special job on which he is now 

The engaged. The figures for employment 

tl nm present jobs are not accurate 

| ndices of length of exposure to particu- 
ie ir compounds since the majority of 
| men have had similar previous ex- 

. of nosures, interrupted, for facility of 

peration and not because of hygienic 

onsiderations, by transfers to other 

‘ork. In the main, the men have 

a ‘| heen exposed to zine, to a varying 

ntia *xtent but in some form or other, dur- 

ng the entire period of their employ- 

; ent by the Company. 

) " Ti should be borne in mind that the 
‘lits at which these men are now 
orking have been in operation for 

y twenty-one years and that men 

‘ave been transferred from similar 

(“lions elsewhere to this town have, 

ns ‘th one or two exceptions, been ad- 

vanced to positions above those repre- 


r+ 


~ 


eG 


‘in the present group. Conse- 





quently, men employed for over 
twenty years are, with two exceptions, 
not found in this series. The labor 
turnover in the plant is not particu- 
larly high. The following is a tabular 
summary of the lengths of time during 
which our subjects have been in the 
employ of the Company and during 
which, therefore, they have been more 
or less continuously exposed to zine. 


Duration of Number of 


Employment Men 

yrs, 
353 1 
23 l 
17} l 

15-16 3 

12-14 2 

10-12 4 
9-10 2 
7 1 
4-6 3 
3-4 3 
9-3 3 


Incidence of Metal Chiils: 

In this plant the problem of metal 
fume fever (zine ‘“‘shakes,”  brass- 
founders’ ague, etc.) is not an impor- 
tant one. The construction of the 
oxide furnaces and the ventilation 
over them is of such a nature that the 
smelters and furnace men are not 
subjected to the inhalation of freshly 
generated zine oxide fume to an extent 
sufficient to cause anything more than 
a rare occurrence of chills. We have, 
therefore, not included any smelters 
in our series but have selected men 
engaged at jobs in which the zine 
exposure from dust inhalation is much 
greater than that to which the smelters 
are subjected. Definite chills and 


fever or even malaise and headache 
among the men continuously exposed 
to mature zinc oxide dust are un- 
common, except perhaps during the 
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first few days of contact, and are 
regarded as so unimportant by the 
men when they do occur that it has 
been difficult to persuade employees 
in general to report their existence to 
the medical adviser in the plant. 
This is true, in spite of the fact that, 
in the main, the most trivial accidents 
and complaints are reported.  Iso- 
lated instances of chills have come to 
our attention in men working in 
ammonium chloride and cadmium. 
Nine of the twenty-four men in our 
group reported the occurrence of 
“shakes” within the first few days 
after their first exposure to the sus- 
pended oxide. Three of these experi- 
enced a recurrence of ‘shakes’? once 
or twice after the first week or two of 
employment. Only one man in the 
series was obliged to remain away from 
work because of the ague. Neither 
of the two men working with metallic 
zine dust has ever had the ague. 


amily Histories: 

Significant familial illness was not 
noted. The number of children of the 
men varied from one to nine. The 
oldest worker, aged 63, employed for 
thirty-five and one-half years by the 
(Company, has six children, all healthy 
and born during his period of employ- 
ment; three of them work in the plant. 
Miscarriage was exceptional among the 
workers’ wives. 


Past Medical Histories: 

The incidence of past febrile diseases 
was low; typhoid and influenza were 
noted but their course was not 
atypical. Pneumonia, following in- 
Huenza, occurred once among the 
group. Ilermorrhaphy had been nec- 
essary In two men. One had had a 
sarcoma, Originating in the buttocks, 





which had been removed five yea, 
previously. _ 
IHead.—Seven of the twenty-fo). 
men mentioned having occasion: 
headaches, but they were not seye, 
or frequent. Visual — disturbane, 
No visual disturbances were reporte: 
except in a few cases errors of refpae. 
tion which necessitated the wearin, 
of glasses. Hearing: Occasional te. 
porary impairment of hearing folloy. 
ing the accumulation of impsete: 
cerumen and oxide dust was reported. 
In one man there was permaner 
deafness following typhoid  feyey 
Nose: Occasional epistaxis was men- 
tioned by two men. Jouth « 
throat: Almost all of the men admitte: 
gross neglect of their teeth. Dents 
hygiene has not been emphasized | 
the plant until recently. One mar 
had a history of pharyngitis and thre 
of tonsillitis. There was one instane 
of peritonsillar abscess. 
Cardiorespiratory Disturbances.—A 
history of mild dyspnea on exertio: 
was recorded in four instances. 
these, one man showed on_ plhiysics 
examination arterial hypertension an 
emphysema. Occasional cough we 
reported by six men, in two of thes 
in association only with acute coryz 
Pleural pain, night sweats, | 
hemoptysis were emphatically dente. 
In the last eight years, no cases © 
pulmonary tuberculosis have ( 
veloped in the departments whe" 
these men are employed. 
Gastro-Intestinal Disturbances. 
all except one man, appetite was ¢ 
phasized as excellent. ‘The men I 
ported that they were hearty eat 
and included much meat in their die 
Several men eat four meals daily, ©! 
including intermediate nourishmel! 
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“yo men gave a history of moderate 
ca colic in the past, one in 1916, one 
., 1925. In spite of close questioning, 
spdeminal discomfort of any kind, 
aveepting these two past instances of 
ead colic, was denied by twenty-two 
4} the men. One man reported oc- 
sional attacks of mild abdominal 
jiscomfort; the other (Subject 15) 
reported slight, but more or less con- 
‘inuows epigastric discomfort. This 
latter subject, however, eats three 
meals a day regularly, has had no loss 
veight, and shows no tenderness 
yor anything unusual upon abdominal 
camination. Vomiting was denied 
all, Defeeation in all instances 
- said to oecur at least once daily. 
ur men reported two movements 
ly: one, two to three; the rest, one, 
moor two. One man had acute con- 
«(ion during plumbism nine years 
orior tothisexamination. At that time 
i.e was engaged in an operation where 
evded zine oxide was prepared. In 
-iew of MeCord’s recent association of 
eastro-enteritis and gastric ulcer with 
vork in zine, we would like to stress 
iis absence of significant gastro- 
testinal disturbances in the past 
uistories of our men. 
eight Changes.—Fourteen men re- 
voried no significant changes in 
weight. In nine men of varying age, 
‘he weight was said to be gradually 
nereasing. One man has lost a few 
pounds in weight since he was em- 
ployed in 1921, 


fj’ 


rnito-Urinary f 


Disturbances. —Ot 
twenty-four men, only one ad- 
Soe : . ’ 
(venereal infection. Among the 
“ istory of frequency, burning 
icturition, and allied disturbances 
iniitormly absent. Two men re- 


occasional nocturia: one man, 


urination regularly once or twice 
during the night. The urine of these 
three men is normal. 


Physical Findings: 

Weight and height observations 
showed three men to be slightly under- 
weight; fifteen men were overweight; 
the remaining six were well within 
normal limits. 

Head.—In no case did the sealp 
show significant change nor was there 
in any instance cranial tenderness. 
Eyes: Slight scleral injection without 
discomfort was present in the majority 
of the men. Anisocoria was noted 
four times. Ophthalmoscopie exami- 
nation revealed accentuated cupping 
in three men, overfilling of the veins 
in three, and arterial thickening in 
one. Neither nerve atrophy nor 
retinal hemorrhage was observed. 
There were the usual normal variations 
in the color of the fundic reflex and 
in the pigmentation about the nerve 
head. Convergence of the right eye 
was slightly weak and there was slight 
nystagmus on extreme deviation of 
the bulbs in either direction in Subject 
4+, aged 63, but otherwise there was no 
evidence of muscular eye weakness 
observed among the group. Wars: 
A number of men showed a moderate 
deposit of cerumen mixed with small 
amounts of zine oxide in the external 
canal. Nose: Septal deviations hap- 
pened to be the rule and in a few of the 
subjects the mucous membrane of the 
turbinates appeared somewhat thick- 
Mouth and throat: In 
the majority of the men, oral sepsis 
present. 
Superior dentures were fitted in severa! 


ened and dry. 


of varying extent was 
cases. In several men the pherynx 
was injected. Neck: A varying Cogree 
of shght lymphatic gland enlarge» nent 
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was noted. 
absent. 
Chest. Pronounced variations in 
contour and form of the thorax were 
not found. l/mphysema was observed 
twice in large-framed men and except 
in these two cases and in one other 
man in whom there was some fixation 
of the ribs, there was no limitation 
of respiratory movements. 


Thyroid enlargement was 


Changes 
in vocal fremitus transmission were 
slight. Pereussion note pitch 
deviations of minor character could be 
found at the apices in less than one- 
third; in no eases were there pro- 
nounced changes in percussion note. 
It was always possible to elicit the 
descent of the lower border of pul- 
monary resonance on deep inspiration. 
The usual hyperresonance of em- 
physema was noted in the two men 
mentioned Auscultation  re- 
the usual variations in the 
relation of expiration and inspiration 
and the minor differences of intensity 
encountered in any group of healthy 
individuals. Roughening and _ harsh- 
ening of breath sounds were noted 
the larger bronchi in = six 
instances. One of these six men 
showed a coarse rale or two at the 
end of expiration and a slight non- 
productive cough. A few transient 
coarse were heard over the 
larger bronchi in still another subject. 
Pleural friction sounds were heard in 
two men over small areas in the lower 
lobes. There was no pain nor asso- 
ciated limitation of lung movement. 

Cardiovascular System.—Fixamina- 
tion of the cardiovascular system by 
palpation revealed no __ significant 
changes. A slight increase of cardiac 
dulness was noted in three men but 
radiographs on these subjects showed 


very 


above. 
vealed 


over 


rAles 
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no increase in the heart shadow, x, 
cardiac murmurs nor irregularities os 
rhythm were detected in the entire 
series. There was slight thickening ¢; 
the radial vessels in four men, age) 
51, 50, 49, and 41. Arcus senilis wa. 
noted in one man, aged 63 years, ani 
a beginning arcus senilis in another. 
One man over 50 showed retina! 
arteriosclerosis. The highest blood 
pressures observed were a systolic 
pressure of 188 with a diastolic pres. 
sure of 97 in a man of 63, who has 
spent thirty-five and one-half years jy 
the zine industry; and a systolic pres- 
sure of 172 with a diastolic pressure of 
105 in a second man, aged 45, who 
has been employed by the Company 
for fifteen years. The remaining 
blood pressure readings fell within 
normal limits. The blood pressure 
findings on all the men are given in 
Table 3. Varicose veins were noted 
in four instances. 

Abdomen.—No gross abdominal ab- 
normalities were found. Weakness 
of the inguinal structures was noted 
in three men, scars of hernia repair in 
two. A small ventral hernia was 
present in one man and a lipoma ol 
the abdominal wall in another. \o 
marked variations in the area of liver 
dulness were made out. Except for 
slight tenderness in the hypochon- 
drium in one man, there 
localized nor generalized tenderness. 
In two individuals of somewhat sens! 
tive and nervous make-up, there Was 
some abdominal muscle spasm. 

Extremities and Spine.—kxcep' tor 
a few miscellaneous scars and eV 
dences of healed fractures, no 4 
normalities were noted. The deep 


vs 
au ‘ 


was no 


reflexes were always obtained 
were recorded as sluggish in nine me! 
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nd hyperactive in five. A coarse an irritating compound of the zinc 


‘mor was noted in one man, who with the acids of the sweat. 
ne years previous had been trans- The only other account of skin 


“\BLE 3.—BLOOD PRESSURE AND URINE FINDINGS IN TWENTY-FOUR 
. ZINC WORKMEN 






































| Blood Pressure | Urine Findings! 
Sui ct! Age | —_ | Dies | | | Sediment 
| | tolie =e =| ee | Casts | White Blood 
| | — | Cells 
yrs. | mm. Hq| mm. Hq’ | | | 

| 40 | 122 68 1.010 | -- | | = 

> 41 | 14 | 60 | 1.018 | 7 | | - 

3 52 | 142 | 7O | 1.011 | - | _ | _- 

63 | 188 | 97 | 1.008 — | — | 

5 4 | 172 | 105 | ..... | - | _ | ’ 

6 47 | 136 | 80 | 1.018 | — | _ | 

7 51. | 128 | «75 | 1.035 | — | | 

. 50 | 1800} (90 | 1.018 - | 

) 36 108 | 67 | 1.018 _ | - - 

10 42 | 134 ' gs | 1.020 ~ we 

i] 32 | 136 | 85 | 1.016 | _ | ~~ 

12 22 | 128 | 68 | 1.008 | - | ; 

13 43 | 125 | 67 | 1.017 | - | - - 

14 21 | 108 | 89 | 1.010 | faint trace | — 

15 30 | 122 | 75 | 1.012 | -- | - : 

16 19 138 | 65 | 1.008 — -- a few 
1 20 109 «| 8960 | «1.012 | 

Is 49 132 | 75 | 1.010 |. | 1. 

9 30 114 | 65 1.030 | . 
2\) 4] 116 | 67 1.035 trace — oecasional occasional 
21 53 118 78 | 1.020 | ' 
22 35 128 80 1.016 : -- | -- 
23 45 114 | 68 ~~ 1.008 - | — | — 
24 43 128 75 «1.014 | o | - | o 


igar and red blood cells uniformly absent. 


‘from a leaded oxide operation irritation by zine oxide of which we 
‘ise of plumbism. are aware isa paper by Turner (32), in 
n.—Reports in the literature of | which the author reported a dermato- 


ation of the skin by zine oxide koniosis occurring among zinc oxide 


very rare. Helpup (24) cited van workers, especially in the summer, and 
°r Weyde (1865) as finding that the due primarily to a plugging of the 
‘aring of paper collars which were sebaceous glands with zine oxide, and 
| with zine oxide brought about secondarily to infection. The lesions 
‘aneous eruption on the neck, consisted in a papular pustular erup- 
ently through the formation of tion which appeared in the pubic 
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region, on the scrotum and inner sur- 
face of the thigh, and, occasionally, in 
the axilla and on the inner surfaces 
ofthearms. The probable mechanism 
of the occurrence of this condition is, 
according to Turner, as follows: 
“The bodies and clothing of the 
men exposed are continuously covered 
with the oxide dust during the work 
period. Thus, wherever two surfaces 
of the body rub together, the oxide 
powder, the body débris, and bacteria 
the 
rubbed into the glands. 


skin are 
This action 
is greatly facilitated by free perspira- 


normally present on 


tion. The plugging of these skin 
glands produces an ideal incubator 


for the bacteria’ and subsequent infec- 
tion. The condition occurs, according 
to Turner, ‘most frequently during the 
summer months, and to a lesser degree 
during the winter months. The con- 
sensus of opinion among the workmen 
is that the occurrence of the disease 
depends entirely upon personal clean- 
liness, and that if they take daily baths 
no trouble is experienced.” 

secause of this paper by Turner, we 
were especially interested in observing 
closely the appearance of the skin of 
the twenty-four zinc workers in our 
In general, the skin of the 
men was strikingly clear. Slight acne 
occurred in three. Careful serutiny 
of the axillae and thighs revealed in 
one man only the sears of pustules, 
regarded by Turner as of such fre- 
quent occurrence among workers ex- 


series, 


posed to zine oxide dust. 


?, Laboratory Findings 


The results of 
findings on 


the laboratory 
twenty-four zine 
workmen are given in full in Tables 2, 


Our 
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3, 4, 5, and 7. The data in tho. 
tables may be summarized as fo] 
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X-Ray Examinations 

Twelve of the twenty-four work), 
showed lungs normal in every Neliiint 
in eight men there was increase ». 
hilus shadows, slight in seven, rath. 
pronounced in one. The lungs wey 
clear in all eight of these cases, Th). 
increase in hilus shadows suggests . 
nonspecific fibrosis about the bronchi. 
trunks, a condition which may fo!loy 











any nonspecific irritant, such 
whooping cough, ete. It has 


special pathologic significance, 
occurred in our series in about 
proportion one would expect to fn! 
in men working in an atmospher 
containing dust. In the opinion | 
the X-ray expert to whom we su 
mitted our plates for an independent 
judgment in regard to them, 
amount of fibrosis In our men Is just 
about the amount one would find 1 
any group of men 
atmosphere containing dust above t) 
usual—street laborers, for examp) 
One man showed a slightly cloudy 
right chest, suggestive of an 0. 
pleurisy. His lungs, however, 
clear. Another man, Subject 
showed bilateral thickening of t 
bronchial structures toward the api 
suggestive of an obsolete apical tu! 
culosis. 

In two of the men only were tie! 
any significant radiographic findings 
One of these, Subject 1, ) 
apparent enlargement of the aor 
suggestive of syphilis, and a moders' 
fibrosis throughout both lungs, such © 
occurs in the early stages of pneu 
nokoniosis. This man_ screens 


working in 


: 4 
snowed 


tallic zine and is exposed for thre 
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-. hours a day to the highest dust 
concentrations determined in- our 
, ody anywhere In the plant. Subject 
- bows a moderate diffuse fibrosis, 
wocaibly suggestive of beginning 
hanges of the type which occurs in 
saply pneumonokoniosis. 
Table ? summarizes the ages, terms 
employment, type of work, and 
jegrees of dust exposure of all the 
yen and gives in full the radiographic 
yest findings. It is interesting to 
note that Subject 4, a@ man 65 years 
Jd. who has been exposed for thirty- 
ive and one-half years to zine oxide 
just, shows nothing more than a slight 
nerease in hilus shadows, not unusual 
his age. His lungs are entirely 
Urine 
Table 3 gives in full the results of 
urine findings in our subjects. 
\lbuminuria with casts was found 
two bag room workers, aged respec- 
‘ively 49 and 41. In one of these the 
mount of albumin was not more than 
i trace and the casts only occasional. 
\ few white cells were noted in one 
ther man, and a faint trace of albu- 
in in another. Sugar was uniformly 
ysent. The incidence of albuminuria 
i our series is about the percentage 
neidence that one would expect. in 
‘ny group of men of the number and 


(J 


‘ge of ours. Fifteen of our subjects, 


should be remembered, are 40 or 


ve] 


and all exeept four are 30 or 
it is interesting and significant 
) note that the two men showing 


tr ’ 
Vey 


iminuria and casts are low down 
» jist 


to ] shee ; ° 
a zinc dust is concerned. and 


so far as exposure to con- 


«Tae men who are exposed to the 
“sees" concentrations of zine con- 


t 


‘2 aust are entirely free of any 


clinical or laboratory evidence of 
kidney damage. Subject 4, who has 
been extensively exposed for thirty- 
five and one-half years to zine, is an 
instance particularly in point. 

We stress this matter because of 
recent work by Mallory (33) in which 
he reports obtaining an intracapillary 
glomerulonephritis from the subcu- 
taneous injection of metallic zine in 
fine powder form. ‘The chief source 
of danger to man of poisoning with 
zinc,” writes Mallory, ‘‘is from inhala- 
tion of fumes and dust in occupations 
involving this metal.” Subjects 1 and 
2 in our series are men exposed to the 
inhalation of metallic zine in fine 
powder form in high concentration 
relative to zine exposure in general in 
the plant. These men have been ex- 
posed in this way for years and yet 
neither of them shows the slightest 
evidence of kidney damage. We shall 
show later. moreover, by our figures 
on zine excretion that all our subjects 
are regularly excreting zine through 
the kidneys in quantities much greater 
than normal. We question whether 
Mallory’s findings have any practical 
bearing on the evaluation of zine as 
an industrial hazard because of the 
extremely large doses (0.5 to 1 gm.) 
of zine powder which this investigator 
administered, and by a route of ab- 
sorption to which men are never ex- 
posed; because of the relatively low 
incidence of the occurrence of nephritis 
in his series (four rabbits out of 
eleven); because of the apparent con- 
nection between the development. of 
the nephritis and the intensity of the 
local reaction at the site of injection, 
with the possibility that this local 
reaction may have been a factor in 
causing the nephritis; and because of 
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the fact that the same type of kidney 
irritation followed the subcutaneous 
injection of metallic nickel. These 
are all matters which should be ex- 
plored further, especially in view of 
our own findings, before one con- 
cludes that the excretion of zine 
causes kidney damage. 


Feces 

I'xamination of feces revealed no 
gross abnormalities, such as excess of 
fat or undigested particles. Without 
rigorous preliminary preparation of 
the subjects having been instituted, 
the benzidine reaction for occult blood 
was faintly positive in fecal specimens 
from three men (Subjects 9, 19, and 
20) in generally good health. This 
finding when unaccompanied by any 
other noteworthy symptom has little 
significance. 


Blood 
Hemoglobin readings were first 
made with the Tallqvist scale and 
then checked by means of the New- 
glass standard. The hemo- 
elobin determinations ranged between 
72 and 97, the average being 81. Red 


blood cells ranged in number between 
{170,000 and 6,290,000, the average 


comer 


count being 5,396,000. All these 
figures are within normal limits. The 


white blood cells ranged between 7,400 
and 14,400 per cubic millimeter, the 
round numbers being 
Assuming the normal white 

between 6,000 and 
LO,000 cubic millimeter 
(34, p. 540), we find that fourteen of 
our twenty-four men showed a slight 
leukocytosis, an increase due in six 
cases to an number of 
polymorphonuclear leukocytes (assum- 


average in 
LO,700. 

eount to vary 
cells per 


increased 
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ing the normal percentage of thos, 
cells to be 60 to 72). This tendency 
to a slight leukocytosis may possi}, 
be interpreted as an expression of 
bodily defense mechanism against a}. 
sorbed particulate matter. The 4. 
ferential counts showed nothing sig- 
nificant. They were all essentially 
within the normal variations as tahy. 
lated by Miller (35) from the results 
of 650 differential counts made on 23) 
normal individuals. Punctate hago. 
philia was recorded in two men, one 
of whom had been previously em.- 
ployed in leaded operations. Table 
4 gives the results of the blood findings 
in full. 

In view of the emphasis placed upon 
anemia as one of the symptoms of 
so-called chronic zine poisoning, we 
should like to stress the essentially 
normal blood pictures in our subjects. 

Iistimations of the amounts of z/nv 
in the blood of our zine workers showed, 
in general, a slight increase over the 
amounts found in control individuals. 
Table 5 gives in full the zine conten’ 
in milligrams per 100 c.c. of two spec 
mens of the blood of each of ow 
twenty-four workmen and of blood 
obtained from ten control persons. 
The figures for the controls range 
between 0.32 and 0.46 mg. per LU! 
e.c., the average being 0.55/ mg. 
while the bloods of the zine subjects 
range between 0.31 and 0.6 mg., th! 
average being 0.458 mg. This repre 
sents an average increase in zinc ove! 
the normal of 0.071 mg. per 100 C.C. 0 
blood. This finding is in accord wit 
figures obtained by K. R. Drinker! 


| 
| 


and P. K. Thompson on the bloocs | 


(Ty's 


control animals and of animals ing 


3 Unpublished data. 
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The blood of 


the 


oxide or inhaling zine oxide 
zincked 


zine is never deluged with the metal, 
but that small amounts of zine are 








TABLE 4.—BLOOD FINDINGS IN TWENTY-FOUR ZINC WORKMEN 






































b. 2 | € | 2] 3. | 
ig : | Red Blood | White | g g | e. = | 2B 
lly : Hb | Cells — Ap | & > | &€ | 6 | & £ 
| ; | ells|/ 568) 7 | @|/a]8 | B | & 
tt | eS = 2 | 2 | 2 | & e. 
31) Z. ee eee Peeeenen - Eh = In Moe Soe eS hI FONE 
er | o | , foe . = ? 
a “0 pe rc.mm. | “aie. | Wf, | Ws | W/ | /O | /¢ | ( : 0 
| $2 | 5,270,000 | 10,000 1 6 | 17 | 3 tf | 6 | O 2 
m- ) 97 4,170,000 | 7,600) 65 | 15 | 3 2 1 4 0 
le 72 | 5,690,000 | 10,600; 69 | 18 | 1 | 2 | 7 3 0 
\gs s2 | 5,502,000 | 14,400 | 67 s | 10 | 2 13 0 | 0 
82 | 5,584,000 | 10,000, 82) 5 | 2 | 8 | 6 | 2 | 0 
. 6 82 | 5,270,000 | 10,400 | 66 | 22 | 2 | 2 | 5 | 8 | O 
7 87 «5, 152,000 | 11,200 | 60 | 28 4 / 1 ¢ | (0 0 
ai g Qo 6,110,000 | 11,200 &2 4 | 4 | 2 S 0) ) 
we ( ST | 5,460,000 | 7,500; 58 | 32 | O 3 4 3 | 0 
Ih ) S22. «5,210,000 | 14,200 | 54 7 | 18 | 4 | 14 }| 38 | O 
ts | | 72 | 5,970,000 13,200) 70 | 11 4 | 7 5 | 3 | 0 
o 2 77 | 4,920,000 | 9,600) 72 | 12 | 5 3 6 | 2 | 0 
7 3 ST 4,810,000 9,000, 65 | 22 | 3 | 5 2 3 | 0 
ne 72 5,260,000 8,300 | 66 23 | 4), 4 ); 2 | O | 1 
” ; 77 | 4,310,000 | 8,000 | 74 4] 3 | 38 | 6 | O | O 
us 6 72 | 6,021,000'| 10,900 | 82 12 1 | O | 4 1 | 0 
nt 7 72 6,016,000") 11,300 | 85 5 | 2 | 2 6 | 0 0 
Ci: S72. «5,490,000 | 11,400 | 76 S| 5 | 2 | 5 | 4 | O 
| I 2 | 5,470,000 | 14,200, 74 | 10 | 5 | 2 | 7 | I 
| Y 92 | 5,710,000 | 9,000 | 83 9 | 3 | 1 | 38 | 1 0 
‘ 825,430,000 | 12,400 | 71 9 | 4 | 8 , | 0 0 
ns. 22-82 | :«§,831,000 | 11,400! 69 | 17; 3 | 2 5 | od 0 
nge 2; 2 4,550,000 | 13,000 | 79 11 | 2 | O 6 | l ! 
ii) oz 24 77 ~~, 290,000 | 7,400) 75 19 1 | 2 1 I 
lb Ay Sl -5,396,000 | 10,700 | 
Yo ' 
t! ‘ited cells show punctate basophilia. 
yre 
ve als in general contains a slightly being continuously conveyed by it to 
Rr amount of zine than normal. the organs of excretion. 
‘ith ese observations confirm the 
cer senera] opinion that zinc, once it is Zine Exeretion 


ream. 


‘"e 


rhed j : 

ped, 1s transported by the blood 
it seems highly probable from 
‘Thgures that the blood stream of an 


vidual exposed to the inhalation of 





The consensus of opinion (Schloss- 
berger (36), Michaelis (37), Mazke- 
witz (quoted by Sacher), Sacher (12), 


Lehmann (20)) in regard to the excre- 
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TABLE 5.—ZINC CONTENT OF BLOOD 
OF CONTROL SUBJECTS AND OF 
TWENTY-FOUR ZINC WORKMEN 


Subject No. |—-— 


bo 


or 


6 


9 


10 


Il 


13 


14 








Zine Content of Blood 
per 100 C.C. 











ae Zine 
Control: Workmen 

mq. mq. 
0.32 0.431 
0.37 0.500 
a £ §$#%=—sbxes 
0.46 0.450 
0.550 

0.43 0.400 
0.500 

0.32 0.466 
0.500 

0.38 0.500 
0.400 

0.37 | 0.500 
0.600 

0.41 0.400 
0.500 

0.41 0.333 
0.454 

0.36 0.400 
0.583 

0.40 0.437 
0.500 

0.412 

0.583 


0.375 
0.384 





TABLE 5.—Continued 





ee 





Zine Content of Blood 

















per 109 C.G 
Subject No. | —————__ 
Controls _ Zinc 
vorkm I 
mg. | mq, 
15 | ~—-0..500 
| 0.400 
| 
16 eis 0.375 
0.400 
| 
17 er | 0.533 
| 0.500 
18 | re | 0.500 
0.583 
19 | <TT 0.600 
| 0.400 
| 
20 | 0.450 
0.400 
21 ore | 0.437 
0.450 
22 _— | 0,310 
0,454 
23 vee | 0.400 
0.450 
| 
} 
24 —— | 0.466 
0.400 
| — 
Average...| 0.387 | 0.458 








tion of zine is that absorbed zine !s 
taken up by the blood and temporarily 
stored by the liver, is excreted in smal. 
amounts by the liver into the bile, bu’ 
in the main, is gradually liberated } 
the liver to the blood stream, and ! 
then excreted, to a certain extent Int 
the urine by the kidneys, but chie!ly 
into the feces by the gastro-intesiin 
tract. If the absorbed zine is grea‘?! 


in amount than the excretory mech 
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ean handle at once, zinc is tem- 
wpily stored, chiefly in the liver, 
sibly in other organs, and is liber- 
ted si fast as it ean conveniently be 
voted. Some authors (Lewald, 
oted by Sacher (12)) suppose zine 
be excreted in very small quantities 
milk, and possibly in traces in 
yaneous excretions; but, even if 
.o] ones, these routes of excretion 

sve probably of small importance. 
he figures on zine excretion in our 
sen are extremely interesting, show- 
» as they do that relatively large 
ayounts of zine may pass for years 
‘jrough the kidneys and the gastro- 
otestinal traet without producing any 
amage which can be detected clini- 
‘ly. The normal daily zine excretion 
-oe ‘Table 6, the data of which were 
‘tained from control subjects living 
Palmerton) varies in a_ healthy 
ndividual on an ordinary mixed diet 
vetween 0.75 and 1.75 mg. of zine per 
‘wenty-four hours (averaging approxi- 
nately 0.OS mg. per 100 ¢.c.) in urine, 
nd ordinarily between approximately 
sand 20 mg. per twenty-four hours in 
The zine content of feces may 
nerease greatly, however, if foods 
especially rich in zine chance to be 
consumed. Fairhall,4 for example, 
— ‘nd an increase of from 12 to 70 
‘2. of zine in feces during the twenty- 
| hours following the eating of 
; eight large oysters. The recognition 
a the universal presence of zine in 
| Lutz (1)) and of zine as a 
ms ‘al urinary and feeal constituent 
. “stand Weitzel (3), Fairhall,* ete.) 
| ‘ivemnely important before one 
sos ““npts to consider the problem of 


iil 


ha- ‘published data. Personal eommuni- 





zine excretion in men exposed to ab- 
normal amounts of it. 


TABLE 6.—DAILY ZINC EXCRETION 
OF NORMAL SUBJECTS OF BOTH 
SEXES ON AN ORDINARY 
MIXED DIT 









































Crine | Teces 
Subject = ne ~~ ee 

— 24Hr. | Zine | Zine | Zine 
~ | Quan- | per 24 | per 100 | per 24 
tity | Hrs. | C.C. Irs. 

c.c. | meq. | mu). my. 

1 1,570 | 1.25 | 0.080 | 19.50 

| 1,350} 1.25 | 0.093 | 18.81 

2! | 1,300 | 1.00 | 0.077 | 2.67 
1,105 | 0.75 0.068 9.3) 

3 1,470 | 1.25 | 0.085 3.66 
1,270 | 1.25 | 0.098 | 5.54 

4 2,170 | 0.75 | 0.0385 | 4.75 
1,830 | 1.00 | 0.055 3.37 

5 980 | 0.75 | 0.077 | 3.28 
1,010 | 0.75 | 0.07 3.76 

6 1,040 | 0.75 | 0.072 | 10.20 
7 1,100 | 1.00 | 0.091 | 17.62 
S 1,680 | 1.50 | 0.089 | 14.95 
9 1,295 | 1.25 | 0.097 | 5.35 
10 1,380 | 1.75 | 0.127 | 15.40 
111 | 1,820 | 1.75 | 0.096 | 13.96 
12! | 2,600 | 1.50 | 0.058 | 14.36 
13! | 2,430 | 1.00 | 0.041 | 14.46 
14 1,210 | 0.75 | 0.062 | 4.85 
15 | 1,300 | 1.00 | 0.077 | 14.95 
16 | 1,170 | 1.25 | 0.107 | 4.06 
17 1,210 | 1.00 | 0.083 | 5.15 
18 1,430 | 1.25 | 0.087 | 4.36 
Average| ..... 1.12 | 0.080 | 9.32 

‘\fale. 


The amounts of wrinary zine in our 
workmen ranged between 0.12 and 
3.93 mg. per 100 c.c., the average 
being 1.06 mg. Unfortunately, the 
collection of complete twenty-four- 
hour specimens of urime was not in all 
cases rigidly carried out, so that we 
have expressed our data in terms of 
milligrams per 109 ¢.e. rather than in 
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TABLE 7.—DAILY ZINC EXCRETION TABLE 7.—Continued 
OF TWENTY-FOUR ZINC WORK- at iia —==!= 
MEN ON AN ORDINARY fuk Urine lece 
MIXED DIET eet | ae a re 
a — — | re 100 Zine per) 
Urine | Feces anal A. a Hrs 
Subject ae _ | mg eee 
No. Zine per 100 | Zine per 24 | wd 
CC. Hrs. 16 | 0.56 101.07 
—_. | | 0.19 33.9 
mg. mq. 
1 Cae. =. ‘pear : 17 | 0.62 | =—-:182..67 
2 0.94 103.76 18 | 0.62 17.89 
| 
3 1.31 130.78 19 1.94 94 
98.76 1.95 2G 
4 me 60C<C ESOC ees 20 0.66 15.54 
0.19 54.31 0.91 
5 paws 55.65 21 | 0.12 +8, 2 
0.85 19.59 0.79 10.1: 
6 0.41 37.90 22 | 0.29 | 154 
1.33 10.94 0.33 8.24 
7 2.22 74.58 23 1.7 53.77 
3.06 52.96 | 3.93 33.91] 
S ~~ 80.08 24 0.50 11.48 
0.41 37.69 patie a 24.72 
9 0.13 | 98 942 Average... 1.06 46.77 
l. 70 11] 05 SE A = 
1 Blank indicates that analysis wa; 
10 1.21 | 14.32 > Occult blood present. 
1.18 21.59 
| milligrams of zine per twenty-! 
11 1.38 | = 62.15 i . 
1 | 7 1 hours. The amounts excreted 
“a } §.iL¥ ‘ ° e « ° 
given individual were in many “> 
12 0.89 | 83.09 approximately equal during ea 
0.51 | 25.13 the two days in the hospital. Ino 
| instances, one day’s excretion 
15 1.49 | 56.2 ; 
: me | “ - markedly greater than the other. 
> | 21.00 P ig ce : wt 
| ject 7 is. particularly notewo 
14 3.05 7 62.96 showing as he did a zine excretl! 
0.76 | 50.53 2.22 mg. per 100 c.c. on the first 
| and 3.06 mg. per 100 ¢.c. on the sec: 
15 1.42 | 52.69 . i eee | F 
| Contrast this large amount 0! 
0.69 | 38.91 


| SS ith ss the normal average of app! 
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aly 0.08 mg. per 100 e.c. And 
‘his man has been in the employ 
the New Jersey Zine Company for 
onty-three years and shows no 
nical evidence of kidney damage. 
eshiect 23 also shows a relatively 
| ‘inary zine though he works at 

no of the least dusty jobs. In general 
‘here is no correlation at all between 
dustiness of the job and the 
count of zine excreted in the urine. 
The figures for fecal zine in our men 
nee between 8.24 and 132.67 mg. 
zine per twenty-four hours. Un- 
joubtedly, a considerable portion of 
‘his zine was swallowed and_ passed 
‘hrough the gastro-intestinal tract 
nabsorbed. The compound cathartic 
nills given to the men on admission 
ioubtless hastened the passage of 


ntestinal traet, and were probably 
the occasion in a number of cases, at 
east in part, of the great discrepancy 
vetween fecal zine the first day and 
fecal zine the second day. 


Table 7 

vives in full the figures on the urinary 

md fecal zine excretion of our twenty- 
four subjects. 

it is impossible to estimate from 

vir figures what fraction of the fecal 

/inc represents zine which has been ab- 

sorbed into the body and excreted into 

‘he gastro-intestinal tract, and what 

‘lon represents swallowed zinc 

i has passed through the gastro- 

‘inal tract unchanged. But a 

mination of these facts is prob- 

not significant; the important 

'o be brought out is the fact 

can pass in considerable 

continually and for years 

‘2 lhe gastro-intestinal tract and 

through its walls, without 


any damage which ean 


be detected clinically. In view of 
MeCord’s (29) recent paper in which 
he associates severe gastro-intestinal 
lesions in galvanizers with zine as a 
probable causative agent, we wish to 
stress this point of the large amount of 
zine in the feces of our men and at the 
same time the absence of significant 
gastro-intestinal symptoms. 


[X. SUMMARY AND CONCLUSIONS 


Careful and detailed clinical and 
laboratory studies on twenty-four 
workmen exposed over periods of time 
varying from two to thirty-five and 
one-half years, to the inhalation of 
varying concentrations of zine in the 
form of zine oxide, zine sulphide, or 
fine metallic zine dust (manufactured, 
in the main, from ores conspicuously 
low in lead and low in cadmium) 
have revealed no acute nor chronic 
illnesses ascribable to zine. The 
workmen, chosen to represent varying 
types and degrees of exposure to zine, 
proved on the whole a_ vigorous, 
healthy lot of men, giving no histories 
of significant past illnesses and show- 
ing only such general physical condi- 
tions as one would expect to find in 
any similar group of men of the same 
ages, of the same social status, and 
doing approximately the same amount 
of physical work in an atmosphere with 
a moderate amount of dust, but with 
no exposure to zinc. This fact 1s 
especially significant, indicating. as 
it does, that ill health aseribed to 
zinc, particularly the so-called chronic 
zine poisoning often referred to in the 
literature, is in all probability due to 
toxic impurities, such as lead, cad- 


mium, arsenic, and antimony, which 


commonly contaminate zine ores, and 
not to zinc itself. 
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Our study demonstrates that zine 
workers absorb and excrete zine in 
amounts considerably over the normal}, 
and that they maintain constantly 
a blood zine content slightly higher 
thannormal. Itis apparent, however, 
from our investigation that abnormal 
amounts of zine may enter and leave 
the body for years without causing 
<ymptoms or evidence, which can be 
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detected clinically or by laboratory 
examinations, significant of gag. 
intestinal, kidney, or other dams 
The fact should be stressed that the 
amounts of zinc in the urine and th, 
feces of zinc workers represent 7 
creased amounts of a normal wrinay, 
constituent, and not the presence 9; 
a metal abnormal to living cells 9), 
to metabolic processes. 
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BOOK REVIEWS 


HeaALTH CONTROLIN MIERCANTILE Lire. A 
PROBLEM OF CONSERVING HuMAN EwN- 


ERGY. By Arthur Brewster Emmons, 
2d. A.B. M.D... Direetor, Harvard 
Mereantile Health Work, Boston. In- 
structor, Praetice of Industrial Hy- 
viene, Harvard School of Publie Health. 
Cloth. Pp. 234 with index. New 


York and London: Harper & Brothers, 
Publishers, 1926. 

This new book deseribes the work 
done by Emmons as Director of the 
Harvard Mereantile Health Work. 
Six vears ago this bureau was organ- 
ized by a group of public-spirited mer- 
chants who, recognizing the value of 
hygiene and medicine to factories, 
desired to have these principles put 
into practice in their stores. Twenty- 
five stores eventually subscribed to 
this plan, most of them loeated in 
.oston. 

I’mmons believes implicitly in the 
value of all current measures of social 
betterment. At the same time he 
has not allowed his book to give the 
impression that such measures, once 
instituted in stores, always work out 
satisfactorily or that the task of dem- 


onstrating their worth has been or 


is an easy one. 

Iimmons’ experience is a unique 
one and for this reason his book may 
also be considered unique among the 
numerous books on industrial hygiene 
and medicine and cognate subjects. 
No other physician in this country 
or abroad has had the cGpportunity 
to work with and to observe health 
many This 
fact, therefore, commends this volume 
to all physicians now in the work or 
anticipating entering such work. Pub- 


practices In so stores. 


Sod 





lic health workers will also be 
repaid by reading it. 

The book may be well considere: 
a manual of practice in mercantil: 
health work that is authoritative and 
unique.—/Tenry B. Elkind, 


amp] 


Dit SCHADIGUNGEN bER Havy 


BERUF UND GEWERBLICHE ARBE 

Kdited by Aarl Ullmann, Moritz Op», 
heim, and J.H. Rille. Paper. Volum» 
[l, Parts 5 to 8, pp. 193-384 with illys. 
trations, and colored plates. Leipzie 
Leopold Voss, 1926. oe 


Parts 5 toS of Volume II are in somp 
ways the most interesting sections oj 
the book.!. They take up the impor. 
tant subject of bakers’ and confee- 
tioners’ itch, and also the skin lesions 
of workers in paraffin, tar, pitch, and 
soot, as well as several subjects of 
somewhat importance, such as 
the coal tar dyes, turpentine and its 
substitutes, ete. 

I’'asal opens with alcohols, ethers 
and ethereal oils: Galewsky follows 
with formaldehyde. There 
much that is new in these sections, bu' 
it is interesting to see how small « 
percentage of the last mamed may 
cause trouble. Thirteen | 
eczema were caused by a paste cob- 
taining only 0.5 per cent. of formal: 
dehyde. 
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BOOK REVIEWS 


woe assumed that meal and sugar were 
jireetly irritating and productive of 
‘¢ching eruptions. Recent Ienglish 
sudies reject this simple explanation 
nut leave still unsolved the question 
«hether bakers’ and confectioners’ itch 
s to be attributed to parasites or to 
ehemieals (common salt, bleaching 
agents, ete.), or simply to a personal 
susceptibility to the irritation of damp 
jough, or to the itching and conse- 
quent scratching caused by drying 
dough and sweat. In modern, me- 
chanical bakeries there is no itch. 
lruit acids, sudden changes from hot 
to cold solutions, the use of chemicals 
like quicklime, have their effect. Pros- 
ser White believes there is a great 
lifference between the effects of crude 
and refined sugars. ‘ther lesions 
come from spurts of boiling syrup, 
and subsequent infection of the burn. 
\ suppuration around the finger nails 
in confectioners has long been known 
as mal des confiseurs. Kingery and 
Thienes traced lesions in jam makers 
to a veast-like body which they 1iso- 
fated and grew. Millers’ itch has been 
traced to parasites in the United States, 
rrance, Russia, and Germany, as has 
uso the itech of packers using straw, 
and that of unloaders of wheat. In 
‘alifornia rice fields an erythema 
with suppurative folliculitis has been 
Observed and has been attributed to 
the silicic acid in the husks of the 
“rains, for those who handle only the 
polished rice do not suffer from it. 
‘llmann’s chapter on erude_ oil, 
paratin, and the hydrocarbon group 
coal tar compounds is one of great 
luc, for some of the most interesting 
on cancer during the last few 
‘has been earried on in this field. 
petroleum differs in its aromatic 
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hydrocarbon content according to 
its origin, that from Galicia and 
Borneo containing the most, the others 
being relatively free; but the lesions 
caused by crude petroleum alone are 
similar to those caused by coal tar, 
showing that analogous compounds 
must be presentin both. The fractions 
which are most productive of skin 
lesions are those obtained in the final 
processes of distillation, especially the 
so-called paraffin oil, which is removed 
by hydraulic pressure from solid 
paraffin. Probably the terpenes, creo- 
sote, phenols, ete., which are found also 
in these later stages, play their part in 
the production of “paraffin dermato- 
ses” which are situated not only on 
exposed parts but wherever oil soaked 
clothing presses against the skin. 
Clinical studies show that some of 
these oils contain carcinogenic sub- 
stances, especially those recovered at 
200° to 350°C., but also higher frac- 
tions, up to 450°C. So far, however. 
it is impossible to say whether all 
dermatosis producing compounds are 
carcinogenic. There are well-illus- 
trated descriptions of the similarities 
between tar lesions, as seen in workers 
in brown coal and in anthracite, and 
paraffin lesions. The differences be- 
tween the two classes are more quan- 
titative than qualitative, hyperkera- 
toses being more characteristic of the 
paraffin, pigmentation of the coal tar. 
This last is due to photodynamic ele- 
ments in coal tar, such as anthracene, 
anthraquinone, and acridine, and, ac- 
cording to Leymann and Koelsch, 
American pitch is free from photody- 
namic elements. An interesting evi- 
dence of the hematogenie action of 
some of these compounds was seen 


during the war when “war melanoses ” 
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were deseribed by Riehl and by 
Blaschko—symmetrical pigmentation 
with follicular keratoses, distributed 
like the lesions of pellagra and resem- 
bling those caused by tar but in these 
cases produced by way of the blood 
stream and not by external irritation, 
for, according to these authors, their 
cause was the adulteration of food fats 
by mineral oils. 

Ullmann the controversy 
over the Belgian theory which attrib- 
utes the lesions of briquette makers 
to the arsenic in the coal dust and 
treats it with more respect than most 
(ierman and English writers in this 
field, but brings forward the experi- 
ments of Fibiger who produced the 
same lesions in animals with arsenic 
tar. ‘The illustrations of the 
pathologie anatomy of paraffin and 
tar epithelioma numerous and 
clear and there is an enormous bibliog- 
raphy including English and Ameri- 
ean references. 

Koelsch writes the chapter on coal 
tar derivatives, dyes, a 
subject on which there is much litera- 
ture but a good deal of confusion. It 
is important to remember that the 
earlier articles deal with colors which 
were made by the use of arsenious 
acid as an oxidizing agent, a method 
no longer used. Most dyes are harm- 
the which 
special affinity for cell nuclei, are said 
to be more harnnful than acid or neu- 
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tral dyes. Blaschko says that ther, 
may be an acute erythematous inflam. 
mation from the penetration of ¢h, 
poison to the deeper layers, the blood 
vessels, or an ordinary eczema, de. 
pending on the toxic nature, the indi. 
vidual susceptibility, and the ocey,. 
rence of secondary infection. Scarlet 
red (amidoazotoluene), brilliant red. 
acid green, and acid yellow have beep 
used experimentally to produce yer. 
rucose and epitheliomatous prolifera. 
tion, but in industry there are very fey 
cases of skin lesions from these dyes, 

As for crude oils, there are several 
which produce skin lesions, benzene 
probably only by its fat dissolving 
property, but others, such as napb- 
thalene, phenanthrene, and anthracene 
with its derivative anthraquinone, 
are irritating. Among the interme- 
diates, the nitro derivatives (picric 
acid, trinitrotoluene, ete.) are impor- 
tant, as are also the chlornaphthalenes 
(‘Perna’), hydronaphthalenes (“‘tet- 
ralin” and “decalin’’), naphthyl 
amines, nitrophenols, and aminophe- 
nols (“‘metol’’). The work of Hanzlix 
on aromatic diamines used as fur an¢ 
hair dyes is quoted. 

(laser discusses turpentine, val- 
nishes, lacquers, and also turpentine 
substitutes such as tetralin, pyridine 
(in furniture polish), and the synthetic 
resins produced from formalin, ¢a! 
bolic acid, and ammonia or causti¢ 
soda (bakelite?).—Alice Hamilton. 





